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©  DNA,  celt  cultures  and  methods  for  the  secretion  of  heterologous  proteins  and  periplasmic  protein  recovery. 
Direct  linkage  of  DNA  encoding  prokaryotic  signals  such 

as  E.  coli  enterotoxin  with  DNA  encoding  mature  eukaryotic 
proteins,  followed  by  transformation  and  culture  of  bacterial 
hosts  characterized  by  a  periplasmic  space,  yields  substan- 
tial  amounts  of  periplasmic  mature  protein.  Constitutively 
promoted  gram  negative  bacterial  mutants  are  transformed 
with  vectors  containing  DNA  encoding  a  secretable  heterolo- 
gous  protein  under  the  transcriptional  control  of  a  constitu- 
tively  promoted  promoter.  Periplasmic  proteins  are  reco- 
vered  from  transformed  gram  negative  bacteria  by  a  process 
comprising  freezing  and  thawing  the  cells.  Advantages  are 
obtained  by  culturing  the  cells  in  phosphate-limiting  media 
and  by  killing  the  cells  prior  to  separation  of  periplasmic 
proteins. 





This  a p p l i c a t i o n   r e l a t e s   to  methods  for  m a n u f a c t u r i n g  

p r o t e i n s   in  b a c t e r i a .   It  p a r t i c u l a r l y   is  concerned  with  i s o l a t i n g  

e u k a r y o t i c   p ro t e ins   from  the  per ip lasm  of  t rans formed  b a c t e r i a   wh i l e  

minimizing  p r o t e o l y t i c   deg rada t i on   of  the  p r o t e i n   and  c o n t a m i n a t i o n  

by  nonper ip lasmic   p r o t e i n s .   This  a p p l i c a t i o n   also  r e l a t e s   to  t h e  

s y n t h e s i s   of  mature  e u k a r y o t i c   p r o t e i n s   in  b a c t e r i a l   hos t s .   It  i s  

d i r e c t e d   to  providing  vec to rs   tha t   will   express   hybrid  p r e p r o t e i n s  

in  high  y i e lds   in  host  c e l l s ,   c leave  the  s ignal   sequence  from  t h e  

p r e p r o t e i n   and  sec re te   mature  euka ryo t i c   p ro t e in   in  the  p e r i p l a s m i c  

space  of  the  host  c e l l s .  

L i t e r a t u r e   tha t   should  be  consul ted   in  regard  to  t h i s  

a p p l i c a t i o n   is  U.S.  pa tent   4 ,375,514  and  4 ,411,994;   U.K.  p a t e n t  

a p p l i c a t i o n   2,091,268A  (pub l i shed   1982);  I.  Palva  e t  a l . ,   "Gene"  2 2 :  
229-235  (1983);  H.  Inouye  et  a l . ,   "J.  Bact"  148(2):  434-439  (1983) ;  

K.  Talmadge  et  a l . ,   "P.N.A.S.  USA"  77(7):  3988-3992  (1980);  K. 

Talmadge  et  a l . ,   "P.N.A.S.  USA"  77(6):   3369-3373  (1980);  European 
Pa ten t   Appl ica t ion   114,695;  R.  Picken  et  a l . ,   " I n f e c t i o n   and 

Immunity"  42(1):   269-275  (1983);  T.  Silhavy  et  a l . ,   " M i c r o b i o l o g i c a l  

Reviews"  47(3):   313-344  (Sept.   1983);  J.  Kadonaga  e t  a l . ,   "J.  B i o l .  

Chem."  259(4):  2149-2154  (Feb.  1984);  I n t e r n a t i o n a l   PCT  a p p l i c a t i o n  



W0  84/00774  (Mar.  1984);  0.  Zemel-Dreasen  et  a l . ,   "Gene"  27:  

315-322  (1984);  S.  Michael is   et  a l . ,   *J.  Bact ."   154(1):   366-374 

(Apr.  1983);  European  Pa ten t   App l i ca t i on   114,695  (pub l i shed   Aug.  1,  

1984);  and  G.  Gray  et  a l . ,   "Biotechnology"   pp  161-165  (Feb.  1984) .  

Many  n a t u r a l l y   occu r r ing   s e c r e t o r y   and  membrane  p r o t e i n s  
are  i n i t i a l l y   syn thes ized   as  nascent   or  i n t r a c e l l u l a r   p r e p r o t e i n s .  
These  are  p ro t e in s   in  which  a  " s igna l "   p o l y p e p t i d e   is  l inked  to  t h e  

amino  acid  res idue   tha t   will   become  the  amino  t e rminus   of  the  ma tu re  

p r o t e i n   upon  s e c r e t i o n .   The  s ignal   po lypep t ide   is  a  p e p t i d e  

sequence  which  enables  the  mature  p ro t e in   to  pass  through  t h e  

c e l l u l a r   membrane  of  the  c e l l .   The  signal   pep t ide   is  cleaved  away, 

or  " p r o c e s s e d " ,   in  pass ing  through  the  c e l l u l a r   membrane  by  a 

mechanism  tha t   is  under  s tudy.   If  the  p roces s ing   occurs  p r o p e r l y  

the  mature  p ro t e in   will  be  f ree   of  any  amino  t e rmina l   e x t r a n e o u s  

signal   amino  acid  r e s idues   and  will   have  the  proper  amino  t e r m i n a l  

amino  acid.   Thus,  if  a  h e t e r o l o g o u s   gene  w h i c h  i n c l u d e s   the  DNA 

encoding  a  s ignal   sequence  is  expressed   by  a  host  gram  n e g a t i v e  
b a c t e r i a l   cel l   and  the  s ignal   is  then  cleaved  p r o p e r l y   by  the  h o s t ,  

the  mature  p ro te in   without   an  appended  methionine  moiety  is  s e c r e t e d  
into  the  pe r ip l a smic   space  of  the  host ,   i . e . ,   the  space  between  t h e  

inner ,   or  cy top lasmic ,   membrane  and  the  outer   membrane  of  the  h o s t .  

Also  known are  h o s t - v e c t o r   systems  in  which  the  s ignal   p ro te in   and 



at  l eas t   an  amino  t e rmina l   por t ion   of  the  mature  p ro t e in   o r d i n a r i l y  

a s soc i a t ed   with  the  s igna l   is  expressed  and  processed  while  l i n k e d  

to  a  he te ro logous   p r o t e i n ,   thereby  r e s u l t i n g   in  the  s e c r e t i o n   of  a 

fusion  p r o t e i n .  

Sec re t ion   of  mature  eukaryo t ic   p ro te in   into  the  p e r i p l a s m  

of  gram  negat ive   b a c t e r i a   such  as  E.  coli  has  been  an  o b j e c t i v e   o f  

t h e . a r t   for  a  number  of  years .   Per ip lasmic   s e c r e t i o n   is  a  d e s i r a b l e  

o b j e c t i v e   because  the  product   is  thereby  compar tmenta l i zed   between 

the  inner  and  outer   ce l l   membranes  of  the  c u l t u r e   c e l l s   and  n o t  

exposed  to  the  r i g o r s   of  the  e x t r a c e l l u l a r   medium.  Exposure  t o  

these  r i g o r s ,   e . g . ,   d i l u t i o n ,   unfavorable   s a l t s   or  pH,  o x i d a t i o n ,  

foaming,  mechanical  shea r ing   and  p r o t e a s e s ,   has  handicapped  t h e  

commerc ia l i za t ion   of  nonper ip l a smic   s e c r e t i o n   systems  such  as  t h o s e  

using  b a c i l l u s   or  y e a s t .   Also,  pe r ip lasmic   c o m p a r t m e n t a l i z a t i o n  

s i m p l i f i e s   recovery  and  p u r i f i c a t i o n   o f - the   des i r ed   m a t u r e  

euka ryo t i c   p r o t e i n .  

Here tofore   the  vec tor   c o n s t r u c t i o n s   employed  f o r  

pe r ip la smic   s e c r e t i o n   in  gram  negat ive   b a c t e r i a   have,  to  a p p l i c a n t s '  

knowledge,  all  e n t a i l e d   the  use  e i t h e r   of  complete  e u k a r y o t i c  

s igna l s   or  o f  p a r t i a l   hybr ids .   Cons t ruc t ions   which  encode  two 

typ ica l   p a r t i a l   hybr ids   are  s c h e m a t i c a l l y   shown  below,  with  t h e  

s e c r e t i o n   c leavage  s i t e s   g e n e r a l l y   encountered  being  d e s i g n a t e d   w i t h  

an  arrnw 

Cons t ruc t ions   like  the  p a r t i a l   b a c t e r i a l   p r e p r o t e i n - m a t u r e  



eukaryot ic   p r o t e i n   fus ions   shown  in  schematic  A  r e s u l t   in  t h e  

sec re t ion   of  fu s ions   of  the  prokaryot4c   and  eukaryo t i c   p r o t e i n s .   I t  

is  i nconven ien t   and  sometimes  imposs ib le   to  remove  the  e x t r a n e o u s  

amino  te rminal   amino  acids  encoded  by  the  p roka ryo t i c   DNA.  On  t h e  

other  hand,  c o n s t r u c t i o n s   l ike  those  of  schematic  B,  r e s u l t   in  t h e  

s ec re t i on   of  mature  p ro te in   but  y i e l d s   of  sec re ted   mature  e u k a r y o t i c .  

p ro te in   are  less   than  d e s i r e d .   It  would  be  useful   to  c o n s t r u c t  

hybrid  vec to r s   as  desc r ibed   below  which  could  be  expressed  as  d i r e c t  

hybrids  o f  t h e   p r o k a r y o t i c   s ignal   and  mature  euka ryo t i c   p r o t e i n ,  

processed  by  hosts   and  sec re ted   into  the  pe r ip lasm.   Such  a  v e c t o r  

is  shown  be low.  

J.  Kadonaga  et  a l . ,   a   c i t ,   prepared  a  vector   of  the  d i r e c t  

hybrid  type  in  which  the  beta  lac tamase  s ignal   was  l inked  d i r e c t l y  

to  DNA  for  mature  chicken  t r i o s e   phosphate   isomerase.   However,  t h e  

isomerase  was  a p p a r e n t l y   n e i t h e r   s e c r e t e d   nor  processed  but  r e s i d e d  

as  a  hybrid  p r o t e i n   both  f ree   in  the  cytoplasm  and  a t t ached   to  t h e  

cytoplasmic  s ide  of  the  inner  membrane.  These  authors  c o n c l u d e d  

that   the  amino  acid  sequence  of  at  l e a s t   the  ea r ly   par t   of  a  m a t u r e  

secre ted   b a c t e r i a l   p ro t e in   is  c r i t i c a l   to  s e c r e t i o n   across   the  i n n e r  

membrane  of  E.  c o l i .  

The  reasons   for  the  r e l a t i v e   d i f f i c u l t y   p r e v i o u s l y  

encountered  in  ob ta in ing   the  s e c r e t i o n   of  the  product   of  d i r e c t  

hybrids  are  unknown.  However,  a p p l i c a n t s   specu la t e   tha t   w h i l e  

s e c r e t i o n   and  p roces s ing   machinery  are  conserved  in  b a c t e r i a   ( s o  

that   e u k a r y o t i c   p r e p r o t e i n s   have  been  processed  in  severa l   c a s e s ) ,  

or  the  machinery  is  somewhat  f l e x i b l e   (as  shown  in  p r o c e s s i n g   o f  

schematic  A-type  f u s i o n s ) ,   a  p a r t i c u l a r l y   d i f f i c u l t   o b s t a c l e   t o  

s e c r e t i o n   would  appear  to  be  posed  by  c o n s t r u c t i o n s   in  which  such 



b a c t e r i a   must  process  the  expressed  product   at  a  c o m p l e t e l y  

a r t i f i c i a l   c leavage  s i t e ,   i . e . ,   a  s i t e   which  is  ne i the r   a 

p r o k a r y o t i c   nor  eukaryo t ic   s i t e   for  about  from  1  to  3  r e s i d u e s   on 

e i t h e r   s ide  of  the  point  at  which  h y d r o l y s i s   occurs.   Contrary   t o  

th i s   e x p e c t a t i o n ,   and  the  p r io r   f a i l u r e s   and  skep t ic i sm  of  t h o s e  

s k i l l e d   in  the  a r t ,   app l i can t s   have  found  tha t   pe r ip l a smic   b a c t e r i a  

indeed  can  process  d i r e c t   fus ions   of  p roka ryo t i c   s igna l s   with  m a t u r e  

e u k a r y o t i c   p r o t e i n s ,   and  can  do  so  with  sec re ted   mature  p r o t e i n  

y i e l d s   h igher   than  those  obta ined  by  a p p l i c a n t s   with  e u k a r y o t i c  

p r e p r o t e i n s .   P a r t i c u l a r l y   s a t i s f a c t o r y   r e s u l t s   have  been  o b t a i n e d  

in  s e c r e t i n g   mammalian  growth  hormones.  

Mammalian  growth  hormone  is  a  normal  product  of  t h e  

p i t u i t a r y   gland.  Mammalian  growth  hormones  are  now  known  to  e x h i b i t  

a  degree  of  species   c r o s s - s p e c i f i c i t y ,   a  func t ion   of  s i m i l a r   amino 

acid  sequence  and  conformat ion .   Human  growth  hormone  (hGH)  c o n s i s t s  

of  191  amino  acids  and  has  a  molecular   weight  of  about  21,500.   HGH 

is  in  c l i n i c a l   use  for  the  t r e a t m e n t   of  h y p o p i t u i t a r y   dwarfism.  I t  

also  has  been  proposed  to  be  e f f e c t i v e   in  the  t r ea tmen t   of  b u r n s ,  
wound  h e a l i n g ,   dys t rophy,   bone  k n i t t i n g ,   d i f f u s e   g a s t r i c   b l e e d i n g  

and  p s e u d o a r t h r o s i s .  

Recent ly ,   hGH  has  been  s y n t h e s i z e d   in  recombinant   h o s t  

c e l l s .   See,  for  example,  U.S.  4 ,342 ,832 .   HGH  is  not  s i g n i f i c a n t l y  

degraded  by  b a c t e r i a l   c e l l s   and  can  be  produced  d i r e c t l y   if  the  gene 
for  i t s   d i r e c t   express ion ,   inc lud ing   the  a p p r o p r i a t e l y   placed  s t a r t  

codon,  is  l inked  to  a  s u i t a b l e   promoter.   Because  p r o k a r y o t e s  

f r e q u e n t l y   do  not  remove  the  amino- te rmina l   methionine  from  t h e  

r e s u l t i n g   p ro t e in ,   express ion   of  he t e ro logous   hGH  DNA  under  c o n t r o l  

of  a  b a c t e r i a l   promoter  as  shown  in  U.S.  Patent   4 ,342,832  y i e l d s   hGH 

having  methionine  as  i ts   f i r s t   amino  acid.  The  reason  for  t h i s   i s  

that   the  DNA  ATG  codon  ( s t a r t   codon)  is  u l t i m a t e l y   expressed   as  
meth ion ine .   Results   to  date,   for  example,  with  p roduc t ion   of  hGH  in  

E .  c o l i ,   have  shown  that   the  host  ce l l   has  only  a  l i m i t e d  

i n t r a c e l l u l a r   a b i l i t y   to  cleave  methionine   from  hGH  and  only  l i m i t e d  



techniques   p r e s e n t l y   e x i s t   to  do  so  in  v i t r o .  

E.P.O.  P u b l i c a t i o n   Number  127305  provides   for  the  s y n t h e s i s  

and  s e c r e t i o n   of  mature  hGH  in  p r o k a r y o t i c   hosts   by  t r a n s f o r m i n g  

such  hosts  with  prehGH,  i . e . ,   with  hGH  having  i t s   normal  e u k a r y o t i c  

signal  sequence.   Host  c e l l s   were  able  to  express   prehGH,  t o  

recognize  the  e u k a r y o t i c   s ignal   and  to  process   the  p r e p r o t e i n  

p roper ly .   Mature  hGH  was  then  recovered  from  the  per ip lasm,   b u t  

y ie lds   were  not  as  high  as  d e s i r e d .  

One  c u r r e n t l y   used  technique  for  r ecovery   of  p e r i p l a s m i c  

prote in   is  c a l l ed   s p h e r o p l a s t i n g   (H.  Neu  et  a l . ,   1964,  "Biochem. 

Biophys.  Res.  Comm."  17:  215).  This  process   e n t a i l s   the  use  o f  

lysozyme  to  lyse  the  b a c t e r i a l   wall.   It   is  not  a t t r a c t i v e  

p a r t i c u l a r l y   for  large  scale  recovery  of  t h e r a p e u t i c   p r o t e i n s  

because  it   e n t a i l s   the  addi t ion   of  another   contaminant   p ro t e in   t o  

the  p e r i p l a s m i c   e x t r a c t   and  the  s p h e r o p l a s t s   are  mechanica l ly   and 

osmot i ca l ly   f r a g i l e .   Fur ther ,   lysozyme  is  r e l a t i v e l y   c o s t l y .  

Another  method  is  ca l led   osmotic  shock  (H.  Neu  et  a l . ,  

1965,  "J.  Biol.   Chem."  240(9):  3685-3692).   This  is  d i s a d v a n t a g e o u s  

p r i n c i p a l l y   because  it   r equ i re s   two  s t e p s ,   f i r s t   t r ea tmen t   of  v i a b l e  

ce l l s   with  a  s o l u t i o n   of  high  t o n i c i t y   and  second  with  a  cold  w a t e r  

wash  of  low  t o n i c i t y   to  r e l ease   the  p e r i p l a s m i c   p r o t e i n s .  

These  methods  have  been  p r a c t i c e d   on  v iab le   c e l l s .   The  u s e  

of  v iab le   c e l l s   is  undes i r ab l e   because  t h e i r   p r o t e o l y t i c   enzymes  a r e  

fu l ly   a c t i ve .   When  a p p l i c a n t s   a t tempted  to  recover   s ec re ted   hGH 

from  a  v iab le   c u l t u r e   of  E.  co l i ,   a  p r o t e o l y t i c   c l ip   of  unknown 

or igin   removed  the  amino  terminal  p h e n y l a l a n i n e   from  about  10  to  20 

percent   of  the  hGH. 

Accord ing ly ,   it  is  d e s i r a b l e   to  p r o v i d e   i m p r o v e d  

methods  to  recover   pe r ip lasmic   p r o t e i n s .   Such  improved  methods 

would  minimize  p r o t e o l y t i c   degradat ion  by  p r o t e a s e s   during  r e c o v e r y ,  



and  in  general  would  be  s u f f i c i e n t l y   d e l i c a t e   to  minimize  

contamina t ion   of  pe r ip l a smic   p ro t e in   by  i n t r a c e l l u l a r   p r o t e i n s .  

They  also  would  permit  the  recovery  of  large  p r o p o r t i o n s   o f  

pe r ip la smic   pro te in   by  man ipu la t ive   s teps  more  amenable  t o  

commercial ,   large  scale   use  than  c u r r e n t l y   a v a i l a b l e   procedures ,   and 

would  not  enta i l   the  use  of  con tamina t ing   p r o t e i n a c e o u s   r e a g e n t s .  

.  It  is  a l s o   d e s i r a b l e   to  e x p r e s s   and  s e c r e t e   h i g h  
pe r ip l a smic   amounts  of  mature  euka ryo t i c   p r o t e i n   in  b a c t e r i a l   h o s t s .  

It  is  f u r t h e r   d e s i r a b l e   to   o b t a i n   p e r i p l a s m i c  

m a t u r e   human  g r o w t h   ho rmone   in  e l e v a t e d   a m o u n t s .  

It  is  a l s o   d e s i r a b l e   to  p r o v i d e   p r o k a r y o t i c   s i g n a l  
po lypep t ides   capable  of  f a c i l i t a t i n g   the  e x p r e s s i o n   and  sec re t ion   o f  

euka ryo t i c   p r o t e i n s .  

SUMMARY 

Mature  e u k a r y o t i c   p r o t e i n   is  expressed   and  secre ted   in  t h e  

pe r ip l a smic   space  of  a  host  organism  by  a  method  c o m p r i s i n g  

(a)  c o n s t r u c t i n g   a  vector   for  e x p r e s s i n g   a  s e c r e t a b l e  

d i rec t   hybr id ,   which  vector   c o n t a i n s   DNA  encoding  a 

p roka ryo t i c   s e c r e t i o n   signal   sequence  l inked  at  i ts   3'  end 

to  the  5'  end  of  DNA  encoding  the  mature  p r o t e i n ;  

(b)  t r ans fo rming   the  p r o k a r y o t i c   host  organism  with  t h e  

vector  of  step  ( a ) ;  

(c)  c u l t u r i n g   the  t ransformed  host  of  step  (b);  and 

(d)  allowing  mature  p ro t e in   to  c o l l e c t   in  the  periplasm  o f  

the  h o s t .  

A  DNA  sequence  is  provided  which  encodes  a  p e r i p l a s m i c  
b a c t e r i a l   sec re t ion   signal   sequence  l inked  at  i ts   3'  end  to  the  5 '  

end  of  DNA  encoding  a  mature  eukaryo t i c   p r o t e i n   other   than  ch i cken  

t r i o s e   phosphate  isomerase.   The  DNA  encoding  E.  coli   e n t e r o t o x i n  



s igna l s   are  p a r t i c u l a r l y   useful   in  th is   regard .   This  s ignal   DNA  i s  
c h a r a c t e r i z e d   by  not  being  l inked  ( a ) - a t   i t s   3'  end  to  the  5'  end  o f  

DNA  encoding  mature  e n t e r o t o x i n   or  (b)  at  i t s   5'  end  to  the  3'  end 

of  the  e n t e r o t o x i n   promoter.   It  is  c o n v e n i e n t l y   employed  as  a 

c a s s e t t e   in  the  c o n s t r u c t i o n   of  e n t e r o t o x i n   s i g n a l - c o n t a i n i n g  

vec to r s .   A  p r e f e r r e d   e n t e r o t o x i n   is  S T I I .  

The  STII  Sh ine-Dalgarno   (S.D.)  sequence  is  a  p a r t i c u l a r l y  

powerful  ribosome  binding  s i t e   which  c o n t r i b u t e s   to  y i e l d  

improvement.  It  o r d i n a r i l y   is  l inked  to  p r o k a r y o t i c   promoters   such 

as  the  t ryptophan  ( t rp )   or  b a c t e r i a l   a l k a l i n e   phospha tase   (AP) 

promoters ,   and  could  be  employed  with  any  promoter  s y s t e m .  

New  p r o k a r y o t i c   cel l   c u l t u r e s   are  produced  upon 
t r a n s f o r m a t i o n   and  c u l t u r e   of  host  c e l l s   using  the  above  method .  

These  c u l t u r e s   comprise  (a)  mature  e u k a r y o t i c   p r o t e i n   and  (b)  a 

d i r e c t   hybrid  fus ion   p r o t e i n   of  the  mature  e u k a r y o t i c   p r o t e i n   with  a 

p r o k a r y o t i c   s e c r e t i o n   s ignal   sequence.  O r d i n a r i l y ,   g r e a t e r   t h a n  

about  25  pe rcen t ,   g e n e r a l l y   up  to  about  90  p e r c e n t ,   of  the  t o t a l  

weight  of  mature  and  fus ion   p ro te in   is  mature  p r o t e i n   loca ted   in  t h e  

pe r ip lasm  of  the  c e l l .  

The  method  here in   g e n e r a l l y   comprises   o b t a i n i n g   v iab le   o r  

k i l l e d   c e l l s   which  have  been  t rans formed  to  s e c r e t e   a  h e t e r o l o g o u s  

or  eukaryo t i c   p r o t e i n ,   causing  the  outer   membrane  of  the  c e l l s   t o  

become  permeable  for  passage  of  the  p r o t e i n   out  through  the  membrane 

as  for  example  by  f r e e z i n g   and  thawing,  and  s e p a r a t i n g   t h e  

p e r i p l a s m i c   p r o t e i n s ,   inc lud ing   sec re ted   e u k a r y o t i c   p r o t e i n ,   f rom 

the  remainder  of  the  c e l l s .   It  also  is  advan tag ious   to  c u l t u r e   t h e  

cel l   under  p h o s p h a t e - l i m i t i n g   cond i t i ons   to  engender  changes  in  t h e  

cel l   membranes  which  enhance  recovery  of  the  p e r i p l a s m i c   p r o t e i n .  

A  novel  k i l l i n g   method  is  provided  wherein  t r a n s f o r m e d  

c e l l s   are  contac ted   with  an  alkanol  and  heated .   These  c e l l s   t h e n  

are  t r e a t e d   by  a  co ld   shock  method  compris ing  f r e e z i n g   and  t hawing  



which  enables  recovery  of  pe r ip la smic   p r o t e i n s .  

These  methods  are  employed  to  p a r t i c u l a r   advantage  in  

recover ing   hGH  from  gram  negat ive   organisms  which  express   and 

process  a  d i r e c t   hybrid  fus ion   of  the  E.  coli  STII  e n t e r o t o x i n  

signal   with  mature  hGH. 

B r i e f  D e s c r i p t i o n   of  the  Drawings 

Fig.  1  d i s c l o s e s   the  STII  gene,  inc lud ing   i t s   t r a n s l a t e d  

and  u n t r a n s l a t e d   r eg ions .   The  p r i n c i p a l   por t ion   of  i t s   S.D. 

sequence  is  ove r l ined   at  n u c l e o t i d e s   155-161.  The  imputed  amino 

acid  sequence  for  the  STII  s ignal   is  located  at  r e s i d u e s   -23  to  - 1  

and  for  the  mature  STII  e n t e r o t o x i n   at  r e s i d u e s   1-48.  Fig.  1  a l s o  

d i s c l o s e s   the  p roces s ing   s i t e   for  STII  ( d e s i g n a t e d   "c leavage   s i t e " )  

and  various  r e s t r i c t i o n   enzyme  s i t e s .  T h e   a s t e r i s k   d e s i g n a t e s   t h e  

l i ke ly   mRNA  s y n t h e s i s   i n i t i a t i o n   s i t e   assuming  t ha t   the  STII 

promoter  inc ludes   the  o v e r l i n e d   s t r u c t u r e s   at  p o s i t i o n   84 -   89  and 

108 -  114.  

Figs.   2a  -   2d  d i s c l o s e   the  c o n s t r u c t i o n   of  a  v e c t o r  

(ptrp-STII-hGH)  encoding  a  s e c r e t a b l e   STII-h6H  fus ion   p r o t e i n   under  

the  cont ro l   of  the  trp  promoter  and  c o n t a i n i n g   an  STII  S.D.  s e q u e n c e .  

Fig.  3  is  a  d e t a i l   of  the  plasmid  t r p - S T I I - h G H .  

Fig.  3a  is  the  n u c l e o t i d e   sequence  of  the  trp  p r o m o t e r  

region,   STII  s ignal   and  the  hGH  gene  in  p t r p - S T I I - h G H .  

Figs.  4a-4c  d i s c l o s e   the  c o n s t r u c t i o n   of  the  vec tors   pAP-1 

and  pAP-STII-hGH  encoding  s e c r e t a b l e   AP-hGH  and  STII-hGH  f u s i o n  

p r o t e i n s   under  the  con t ro l   of  the  AP  promoter,   the  vector   encod ing  

the  l a t t e r   con ta in ing   an  STII  S.D.  s equence .  

Fig.  5  is  the  n u c l e o t i d e   sequence  of  the  AP  p romote r  



region,   STII  signal  and  the  hGH  gene  in  pAP-STII-hGH. 

Fig.  6  is  the  n u c l e o t i d e   sequence  of  the  AP  p r o m o t e r  

reg ion ,   the  AP  signal   and-the  hGH  gene  in  pAP-1. 

De ta i l ed   D e s c r i p t i o n  

.  A  he te ro logous   p r o t e i n   is  a  p ro te in   not  o r d i n a r i l y   s e c r e t e d  

by  the  b a c t e r i a l   c e l l .   While  such  a  p ro t e in   may  be  an  o r d i n a r i l y  

i n t r a c e l l u l a r   p ro te in   of  the  t r ans fo rmed   cel l   that   has  been 

engineered   for  s e c r e t i o n ,   or  it  may  be  a  p ro te in   encoded  by  DNA  from 

another   microbe,  o r d i n a r i l y   it  is  a  euka ryo t i c   p r o t e i n ,   a  f r a g m e n t  
t he reo f   or  a  fusion  t he reo f   with  a  p r o k a r y o t i c   p ro t e in   or  f r a g m e n t .  

P r e f e r a b l y   the  pe r ip l a smic   p r o t e i n   is  a  mature  euka ryo t i c   p r o t e i n  

such  as  a  hormone,  e . g . ,   hGH,  an  i n t e r f e r o n   or  a  lymphokine .  

The  ce l l s   to  be  t r e a t e d   here in   may  be  obta ined  f r o m  

c u l t u r e s   of  t ransformed  b a c t e r i a   grown  in  convent iona l   media  o r  
media  t a i l o r e d   to  the  vec to r s   or  mutant  host  t r a n s f o r m a n t s   used  t o  

s e c r e t e  t h e   he te ro logous   p r o t e i n .  

Appl ican ts   have  demons t ra ted   the  s e c r e t i o n   of  d i r e c t   h y b r i d  
fus ions   of  a  p roka ryo t i c   s ignal   and  des i red   euka ryo t i c   p r o t e i n ,  

n o t w i t h s t a n d i n g   the  complexi ty   of  the  host  vector  systems  at  bo th  

the  level  of  p r e p r o t e i n   s y n t h e s i s   and  s e c r e t i o n .   Plasmids  were 
c o n s t r u c t e d   in  which  the  trp  or  AP  promoters  were  employed  w i t h  

var ious   d i r e c t l y   l inked  p r o k a r y o t i c   s ignal   and  e u k a r y o t i c   p r o t e i n  

sequences .   Su i t ab le   hosts  were  t ransformed  with  each  of  t h e s e  

plasmids  and  the  amount  and  d i s t r i b u t i o n   of  product  between  t h e  

per ip lasm  and  cytoplasm  de te rmined .   These  exper iments   d e m o n s t r a t e d  

tha t   mature  eukaryo t ic   p r o t e i n s   are  s ec re ted   and  c o r r e c t l y   p r o c e s s e d  
into  the  pe r ip lasmic   space  of  organisms  from  d i r ec t   hybrid  f u s i o n  

p r o t e i n s .   The  fol lowing  tab le   shows  the  r e s u l t s   of  s u c c e s s f u l  

exper iments .   The  r e s u l t s   ob ta ined   by  using  the  normal  hGH 

e u k a r y o t i c  s i g n a l   are  shown  for  c o m p a r i s o n .  





A p p l i c a n t s '   i n i t i a l   a t tempts   to  s ec re t e   some  m a t u r e  

e u k a r y o t i c   p r o t e i n s   using  p r o k a r y o t i c   s igna l s   in  the  above 

s t r u c t u r a l   format  did  not  r e s u l t   in  syn the s i s   of  p r o t e i n   in  some 

cases ,   and  in  o thers   express ion   was  not  accompanied  by  s e c r e t i o n .  

Cu l tu res   t ransformed  with  vec tors   for  the  murine  immunoglobul in  

heavy  chain  (using  the  STII  s i g n a l ) ,   human  t i s s u e   p l a sminogen  
a c t i v a t o r   (using  the  AP  promoter  and  s igna l )   or  a  bovine  p r o r e n n i n  
(using  the  t rp  promoter  and  the  STII  s ignal   in  E.  coli  h o s t s ) ,   o r  
hGH  (using  the  Pseudomonas  ae rug inosa   e n t e r o t o x i n   A  s i g n a l )  

syn thes i zed   very  low  or  u n d e t e c t a b l e   q u a n t i t i e s   of  e i t h e r   t h e  

p r e p r o t e i n   or  s ec re t ed   mature  p r o t e i n .   Other  t rans formed  c u l t u r e s  

f a i l e d   to  process   STII  s ignal   fu s ions   with  bovine  gamma  i n t e r f e r o n ,  

p r o r e l a x i n ,   i n t e r l e u k i n - 2   or  bovine  p ro renn in .   These  r e s u l t s   were  
obta ined  in  l imi ted   and  p r e l i m i n a r y   e x p e r i m e n t s .  

It  is  c l ea r   from  t h i s   work  tha t   d i r e c t   hybrid  fu s ions   o f  

p r o k a r y o t i c   s igna l s   with  mature  e u k a r y o t i c   p r o t e i n s   are  r e c o g n i z e d  

by  b a c t e r i a l   c e l l s ,   i . e . ,   p rocessed   and  t r a n s p o r t e d   into  t h e  

per ip lasm.   Given  that   knowledge,  the  s k i l l e d   a r t i s a n   must  

none the les s   exert   d i l i g e n c e   in  i d e n t i f y i n g   f u n c t i o n a l   c o n s t r u c t i o n s .  

This  e f f o r t   should  be  d i r e c t e d   f i r s t   at  s c reen ing   v e c t o r s  

encoding  d i r e c t   hybrid  fus ions   with  s igna l s   obtained  from  a  v a r i e t y  

of  pe r ip l a smic   b a c t e r i a l   p r o t e i n s ,   e .g .   enzymes  or  e n t e r o t o x i n s .   I f  

the  s e c r e t i o n   of  mature  e u k a r y o t i c   p ro t e in   is  not  ob ta ined   upon  t h e  

t r a n s f o r m a t i o n   and  c u l t u r e   of  E.  coli   with  such  c o n s t r u c t i o n s   t h e n  

other  genera  of  gram  nega t ive   b a c t e r i a   should  be  screened  for  t h e  

a b i l i t y   to  sec re te   the  mature  p r o t e i n .   Las t ly ,   the  s ignal   p e p t i d e  

may  be  mutated  in  order  to  enhance  or  modify  i ts   p r o c e s s i n g  



c h a r a c t e r i s t i c s .  

The  method  herein  is  f a c i l i t a t e d   by  the  a b i l i t y   of  gram 

nega t ive   b a c t e r i a   to  recognize  d i r e c t   fus ions   with  the  STII 

e n t e r o t o x i n   s ignal   pept ide .   Fur thermore ,   it  is  based  on  t h e  

a d d i t i o n a l   d i scove ry   that   e leva ted   y i e l d s   are  obtained  by  use  of  t h e  

STII  S.D.  s e q u e n c e .  

P a r t i a l   amino  acid  sequences  for  hGH  and  STII  e n t e r o t o x i n  

p r e p r o t e i n s   are  shown  below  with  the  s t a r t i n g   amino  acid  for  each  

mature  p r o t e i n   being  u n d e r l i n e d .  

hGH  . . .  l eu   gln  glu  gly  ser  ala  phe  pro  ala  met  ser  l e u . . .  

STII  . . . a l a   thr  asn  ala  tyr  ala  ser  thr   gln  ser  asn  l y s . . .  

As  can  be  seen,  v i r t u a l l y   no  homology  whatever  e x i s t s   between  t h e s e  

two  sequences  in  the  v i c i n i t y   of  t h e i r   s ignal   c leavage  s i t e s .   Thus 

it  was  s u r p r i s i n g   that   the  host  c e l l s   were  able  to  r ecogn ize   t h e  

STII-hGH  hybrid  j unc t ion   and  process   the  STII-hGH  p r e p r o t e i n  

c o r r e c t l y   and  s ec re t e   hGH. 

The  p roka ryo t i c   signal  sequence  to  be  used  here in   is  t h e  

s ignal   sequence  from  any  b a c t e r i a l   s e c r e t e d   or  cel l   membrane 

p r o t e i n ,   or  mutat ion  the reof .   Examples  of  s u i t a b l e   s i g n a l s   a r e  

those  a s s o c i a t e d   with  hydro lases ,   p h o s p h a t a s e s ,   p r o t e a s e s ,  

a n t i b i o t i c   r e s i s t a n c e   enzymes,  e .g .   beta  lac tamase,   b inding  p r o t e i n s  

such  as  MalE  (maltose  binding  p r o t e i n )   and  e n t e r o t o x i n s .   The  b e t a  

lac tamase   s ignal   is  not  p r e f e r r e d .   The  p r e f e r r e d   embodiments  a r e  
found  among  the  heat  s table   (ST)  and  heat  l ab i l e   (LT)  e n t e r o t o x i n s  
of  E.  c o l i .   Of  the  ST  e n t e r o t o x i n s ,   STII  is  most  p r e f e r r e d .  

According  to  Picken  et  a l . ,   op  c i t ,   the  STII  s i g n a l  

po lypep t ide   was  e i t h e r   the  amino  acid  sequence  NH2-met  lys  lys  asn  
ile  ala  phe  leu  leu  ala  ser  met  phe  val  phe  ser  i le  ala  thr   asn  a l a ,  

or  th is   sequence  with  an  a d d i t i o n a l   c a r b o x y l - t e r m i n a l   tyr   a la .   In 



f ac t ,   E.  coli  c leaves   the  s ignal   a f t e r   tyr  ala.  Thus,  the  STII 

signal  DNA  which  is  used  in  the  vec tors   f u r t h e r   descr ibed  h e r e i n  
will  encode  the  tyr  ala  a l t e r n a t i v e .  

The  p r o k a r y o t i c   s ignal   may  be  mutated  in  order  to  i n c r e a s e  

the  p ropor t ion   of  euka ryo t i c   p r o t e i n   tha t   is  s ec re ted .   G e n e r a l l y ,  
mutations  in  codons  encoding  amino  acid  p o s i t i o n s   outs ide   of  t h e  

hydrophobic  core  of  the  s igna l ,   e . g . ,   r e s idues   -1,  -2  or  -3,  a r e  

more  l i ke ly   to  exer t   a  s i g n i f i c a n t   e f f e c t   on  signal  c leavage .   The 

mutated  DNA  will  express   an  amino  acid  at  the  s i te   of  muta t ion  which 

is  d i f f e r e n t   from  the  wild  type  s i g n a l .   Most  conven ien t ly   a 

p l u r a l i t y   of  codons  are  s u b s t i t u t e d   at  a  given  p o s i t i o n ,   each  o f  

which  encodes  a  d i f f e r e n t   amino  acid.   This  is  accomplished  by 

methods  known  in  the  a r t .   For  example  see  S.  Michae l i s ,   op.  c i t . ,  

as  applied  to  the  a l k a l i n e   phosphotase   s i g n a l .   Each  i n d i v i d u a l  

c o n s t r u c t i o n   then  is  l i ga t ed   to  DNA  encoding  the  mature  human 

pro te in   in  an  exp re s s ion   vec tor ,   the  vec tor   used  to  t r ans fo rm  h o s t s ,  

the  t r a n s f o r m a n t s   c u l t u r e d   and  the  s e c r e t i o n   level  determined  f o r  

each  mutant  as  is  more  f u l l y   de sc r i bed   below.  Transformants   t h a t  

sec re te   optimal  l eve l s   of  des i r ed   p r o t e i n   are  i d e n t i f i e d   and  t h e  

r e spons ib l e   c o n s t r u c t i o n s   s e l e c t e d .   With  r e spec t   to  the  STII  

s igna l ,   it  i s . e x p e c t e d   tha t   amino  acid  s u b s t i t u t i o n s   in  t h e  

hydrophobic  region  ( r e s i d u e s   -5  to  -17  in  Fig.  1)  will  not  a d v e r s e l y  

a f fec t   the  s ignal   e f f i c a c y   so  long  as  the  s u b s t i t u t e d   amino  a c i d s  

are  uncharged  and,  p r e f e r a b l y ,   hydrophobic .   Also,  d e l e t i o n s   o r  

i n s e r t i o n s   of  one  or  two  l ike  r e s i d u e s   in  th i s   region  a r e  

accep tab le .   The  most  s e n s i t i v e   region  of  the  leader  is  r e s i d u e s   - 1  

and  -21  to  -22  (Fig.  1).  Mutat ions   in  these  r e s idues ,   i n c l u d i n g  

i n s e r t i o n s   or  d e l e t i o n s   g e n e r a l l y   are  d e l e t e r i o u s ,   but  o c c a s i o n a l l y  

b e n e f i c i a l   e f f e c t s   on  y ie ld   or  s e c r e t i o n   are  ob ta ined .   M u t a t i o n s  

that   are  so  e x t e n s i v e   as  to  conver t   the  expressed  signal   to  t h e  

eukaryo t i c   s ignal   o r d i n a r i l l y   a s s o c i a t e d   with  the  des i red   p r o t e i n   o r  
other  euka ryo t i c   p r o t e i n s   are  not  p r o k a r y o t i c   signal  muta t ions   a s  

defined  h e r e i n .  



Mutagenic  o p t i m i z a t i o n   is  p a r t i c u l a r l y   d e s i r a b l e   upon 
switching  from  one  host  to  another   while  using  vectors   c o n t a i n i n g  

s u b s t a n t i a l l y   the  same  s igna l .   The  reason  for  th is   is  that   a l l e l i c  

va r i an t s   in  the  b a c t e r i a l   enzyme  system  r e s p o n s i b l e   for  c l eav ing   t h e  

s i g n a l - e u k a r y o t i c   p ro t e in   fusion  and  t r a n s p o r t i n g   the  mature  p r o t e i n  

may  more  r e a d i l y   recognize   a  s u i t a b l y   modified  p roka ryo t i c   s i g n a l .  

In  accordance  with  th i s   i nven t ion   any  eukaryo t ic   p r o t e i n ,  

mutant  or  d e r i v a t i v e   may  be  s e c r e t e d   if  proper  gram  negat ive   h o s t s  

and  s i gna l s   are  s e l e c t e d ,   provided  of  course  tha t   the  p ro t e in   p e r  s e  
is  capable  of  being  expressed  in  gram  nega t ive   hosts .   Such 

euka ryo t i c   p r o t e i n s   include  lymphokines,   immunoglobulins  and 

hormones.  The  euka ryo t i c   p r o t e i n s   used  herein   o r d i n a r i l y   a r e  

mammalian  p r o t e i n s   such  as  those  of  bovine,   porcine  and  human 

or ig in .   P a r t i c u l a r l y   advantageous  r e s u l t s   are  obtained  with  g rowth  

hormones  such  as  human  growth  hormone.  

Vectors  for  t r ans fo rming   hosts   to  express   d i r e c t   h y b r i d  

fusion  p r o t e i n s   are  made  in  c o n v e n t i o n a l   fashion  by  methods 

g e n e r a l l y   known  to  those  s k i l l e d   in  the  a r t .   In  such  vec to r s ,   DNA 

encoding  the  p r o k a r y o t i c   s ignal   is  d i r e c t l y   linked  to  DNA  e n c o d i n g  
the  des i r ed   p r o t e i n .   This  means  tha t   the  s ignal   DNA  encoding  t h e  

amino  acid  immediately  upstream  from  the  normal  b a c t e r i a l   c l e a v a g e  

s i te   is  l inked  d i r e c t l y   to  the  DNA  encoding  the  f i r s t   amino  acid  o f  

the  des i red   mature  eukaryo t ic   p r o t e i n ,   without   any  i n t e r v e n i n g  

res idua l   sequences  from  the  mature  p r o k a r y o t i c   p ro te in   or  the  normal 

euka ryo t i c   pre  sequence.  Such  d i r e c t   l inkage  is  accomplished  by 

known  methods  such  as  the  M13  d e l e t i o n a l   mutagensis   p r e c e d u r e  

descr ibed   in  the  examples.  A l t e r n a t e l y ,   one  may  c h e m i c a l l y  

syn thes i ze   DNA  encoding  the  s ignal   and  c leavage  region.   This  DNA  i s  

blunt  end  l i g a t e d ,   or  l iga ted   through  a  convenient   r e s t r i c t i o n  

enzyme  s i t e ,   to  DNA  encoding  the  remainder   of  the  euka ryo t i c   p r o t e i n .  

DNA  encoding  the  a l k a l i n e   phosphatase   or  STII  s ignal   i s  

d i r e c t l y   linked  in  e i t h e r   fashion  to  DNA  encoding  the  des i r ed   m a t u r e  



eukaryot ic   p r o t e i n .   When  the  euka ryo t i c   p r o t e i n   is  a  growth 

hormone,  the  s ignal   will  be  l inked  to-DNA  having  as  i ts   two  f i r s t   5 '  

codons,  codons  which  encode  at  l eas t   the  f i r s t   two  a m i n o - t e r m i n a l  

amino  a c i d s  o f   hGH,  i . e . ,   NH2-phe  pro,  and  p r e f e r a b l y   encode  t h e  

f i r s t   15  amino- te rmina l   amino  acids  of  hGH.  This  sequence  

o r d i n a r i l y   is  part   of  a  DNA  sequence  encoding  growth  hormone  such  a s  

hGH,  bovine  growth  hormone  (having  the  amino- te rmina l   sequence  phe  

p ro . a l a   met  ser  leu)  or  porcine  growth  hormone  (having  t h e  

amino- terminal   sequence  phe  pro  ala  met  pro  leu)  and  the  a l l e l i c  

va r i an t s   t h e r e o f .  

S u i t a b l e   vec tors   for  use  here in   are  c o n s t r u c t e d   by  o p e r a b l y  

l i g a t i n g   the  d i r e c t   hybrid  fusion  DNA  to  r e p l i c a t i o n   and  t r a n s l a t i o n  

e f f e c t i n g   sequences .   Sequences  which  e f f e c t   t r a n s l a t i o n   of  the  mRNA 

include  an  S.D.  sequence  p resen t   upstream  from  the  p r o k a r y o t i c  

s ignal .   P r e f e r a b l y ,   the  S.D.  sequence  used  here in   is  tha t   of  S T I I ,  

and  it  is  spaced  from  the  p r o k a r y o t i c   s igna l   s t a r t   codon  by  t h e  

natural   i n t e r v e n i n g   sequence  (TTTT)  found  in  the  STII  gene.  T h i s  

c o n s t r u c t i o n   is  ob ta ined   most  e a s i l y   by  i s o l a t i n g   the  STII  s i g n a l  

complete  with  i t s   S.D.  sequence  and  normal  i n t e r v e n i n g   sequence  f rom 

a  source  of  the  STII  gene  as  is  f u r t h e r   de sc r i bed   below.  However, 

because  t h i s   po r t i on   of  the  STII  gene  is  only  80  bp  long  it  also  i s  

p r a c t i c a l   to  simply  syn thes i ze   the  r e q u i r e d   sequence  by  known 

chemical  methods.  This  is  e s p e c i a l l y   p r e f e r r e d   if  e x t e n s i v e  

mutagenesis   of  the  signal   is  con templa t ed .   The  c o n s t r u c t i o n   shown 

in  Fig.  3a  con t a in s   two  S.D.  sequences ,   one  upstream  S.D.  s equence  

donated  by  the  trp  promoter  and  then  the  STII  S.D.  sequence  in  i t s  

normal  r e l a t i o n s h i p   with  the  STII  s ignal   DNA.  We  be l i eve   that   t h e  

upstream,  non-STII  S.D.  sequence  is  not  r e q u i r e d .   Other  p r o k a r y o t i c  

signal  sequences  such  as  the  AP  s ignal   also  may  be  syn thes ized   by 
chemical  methods  as  they  tend  to  be  less   than  100  bp  in  l e n g t h .  

T r a n s c r i p t i o n   of  the  fo regoing   S . D . - s i g n a l - p r o t e i n   s e q u e n c e  
is  under  the  cont ro l   of  a  promoter.   The  promoter  is  p r e f e r a b l y   a 

p roka ryo t i c   promoter  other  than  the  promoter   o r d i n a r i l y   a s s o c i a t e d  



with  the  s e l ec t ed   p roka ryo t i c   s igna l .   The  p r e f e r r e d   embodiment  i s  

the  AP  promoter,   a l though  others   such  as  the  tac,   trp  or  lactose   (D. 

Goeddel  et  a l . ,   "Nature"  281:  544  [1979])  promoters   a r e  

s a t i s f a c t o r y .   While  these  are  the  most  commonly  used,  o t h e r  

microbia l   promoters  have  been  d iscovered   and  u t i l i z e d ,   and  d e t a i l s  

concerning  t he i r   n u c l e o t i d e   sequences  have  been  pub l i shed ,   e n a b l i n g  

a  s k i l l e d   worker  to  l i ga t e   them  f u n c t i o n a l l y   with  plasmid  v e c t o r s  

( S i e b e n l i s t  e t  a l . ,   1980,  "Cell"  20:  269).  The  promoter  does  no t  

appear  to  a f f ec t   the  p ropor t ion   of  e u k a r y o t i c   p r o t e i n   that   i s  

s ec re t ed .   However,  it  is  d e s i r a b l e   to  screen  combinat ions   o f  

promoters  and  signal   sequences  for  optimal  exp re s s ion   since  both  

elements  i n t e r a c t   in  a f f e c t i n g   express ion   l e v e l s .   For  example,  

compare  the  r e s u l t s   in  Table  1  when  the  STII  s ignal   is  s u b s t i t u t e d  

for  the  AP  signal   in  combination  with  the  AP  p r o m o t e r .  

The  p r o m o t e r - S . D . - s i g n a l   sequences  are  p re sen t   in  v e c t o r s  

con ta in ing   r ep l i con   sequences  compat ible   with  the  host  c e l l s .   The 

vec tors   are  g e n e r a l l y   plasmids  r a the r   than  phage.  They  contain  a 

r e p l i c a t i o n   s i t e   as  well  as  phenotypic  marking  sequences  t o  

f a c i l i t a t e   i d e n t i f i c a t i o n   of  t ransformed  c e l l s .   For  example,  

E.  coli  is  t y p i c a l l y   t ransformed  with  a  d e r i v a t i v e   of  p8R322, 
(Bol ivar   et  a l . ,   "Gene"  2:  95  [1977]) ,   a  plasmid  c o n t a i n i n g   genes  
for  a m p i c i l l i n   and  t e t r a c y c l i n e   r e s i s t a n c e .  

When  a  DNA  sequence  is  "operably   l i g a t e d   oF  l inked"  t o  

another  it  means  that   the  DNA  sequence  in  q u e s t i o n   exe r t s   an 
in f luence   on  other   DNA  sequences.   This  g e n e r a l l y   means  that   t h e  

f i r s t   DNA  con t ro l s   e i t h e r   the  t r a n s c r i p t i o n   or  u l t i m a t e l y   t h e  
t r a n s l a t i o n   of  the  DNA  to  which  it  is  ope rab ly   l i g a t e d ,   or  a f f e c t s  
the  p rocess ing   of  the  t r a n s l a t e d   p r o t e i n .   For  example,  a  p romoter  

is  operably  l i ga t ed   to  DNA  encoding  a  p r e p r o t e i n   when  it  a f f ec t s   t h e  

rate  of  t r a n s l a t i o n   of  the  p r e p r o t e i n   mRNA.  A  s ignal   po lypept ide   i s  

operably  l iga ted   to  DNA  encoding  a  des i r ed   p r o t e i n   when  it  is  p l a c e d  
in  reading  frame  with  and  l iga ted   d i r e c t l y   to  the  DNA  encoding  t h e  

p r o t e i n .   The  term  " l i g a t e d "   in  r e f e rence   to  a  composi t ion  should  



not  be  i n fe r r ed   to  mean  tha t   the  composit ion  is  only  def ined  in  
terms  of  i ts   poss ib l e   manufacture   by  l i g a t i o n .   On  the  c o n t r a r y ,  

operably   l iga ted   elements  in  a  plasmid  can  be  s y n t h e s i z e d   c h e m i c a l l y  

as  a  un i t a ry   e n t i t y .  

The  host  c e l l s   tha t   are  t ransformed  with  the  f o r e g o i n g  

vec tors   are  b a c t e r i a   ( a ) . h a v i n g   a  p e r i p l a s m i c . s p a c e   between  two  c e l l  

membranes,  (b)  in  which  the  vector   r e p l i c a t e s   and  (c)  in  which  t h e  

p r e p r o t e i n   is  both  expressed  and  processed .   The  hosts   are  g e n e r a l l y  

gram  nega t ive   organisms,   p a r t i c u l a r l y   E n t e r o b a c t e r i a c e a e   o r  
Pseudomonas  and  mutants  t h e r e o f .   Host  vector   systems  ( h o s t s  

t rans formed  with  vec to r s )   are  p r e f e r r e d   in  which  the  p r o m o t e r  

c o n t r o l l i n g   e x p r e s s i o n  o f   the  hybrid  fusion  is  c o n s t i t u t i v e l y  
a c t i v a t e d   or  d e r e p r e s s e d .   A  c o n s t i t u t i v e   mutant  is  one  tha t   i s  

capable   of  s e c r e t i n g   a  given  p r o t e i n ,   which  here  is  the  promoted 

d i r e c t   hybrid  fus ion  and,  in  some  cases ,   the  normal ly   promoted 

p r o t e i n ,   without  induc t ion   or  other   changes  in  c u l t u r e   c o n d i t i o n s  

c a l c u l a t e d   to  de repress   or  a c t i v a t e   the  promoter .   E i t h e r   the  h o s t  

cel l   or  the  promoter,   or  both,  may  be  mutated  in  order   for  t h e  

h o s t - v e c t o r   system  to  be  c o n s t i t u t i v e l y   promoted.  The  promoter  used 

in  the  vector   may  be  mutated  so  tha t   it  is  no  longer  capable   o f  

being  r epressed   by  a  r e p r e s s o r   p ro t e in .   Such  mu ta t ions   are  known. 

A l t e r n a t i v e l y ,   the  host  c e l l s   are  mutated  to  become  c o n s t i t u t i v e   f o r  

p r o t e i n s   under  the  cont ro l   of  a  wi ld - type   or  unmutated  p r o m o t e r .  
Such  hosts  are  c o n v e n i e n t l y   prepared  by  t r a n s d u c t i o n   from  p u b l i c l y  

a v a i l a b l e   s t r a i n s   con t a in ing   the  mutant  a l l e l e s .   P r e f e r a b l y ,   h o s t  

c e l l s   t ransformed  with  AP  p romote r -bea r ing   vec to r s   ca r ry   a  phoT  o r  

phoR  mutant  a l l e l e .   The  former  is  a  d i s a b l i n g   mutant  be l i eved   to  be 

in  the  gene  encoding  a  phosphate   ion  t r a n s p o r t   p r o t e i n .   The  phoR 

mutant  is  a  d i s a b l i n g   mutant  in  the  gene  encoding  a  r e p r e s s o r  

p r o t e i n .   These  mutant  a l l e l e s   are  widely  known  and  a v a i l a b l e   in  t h e  

art  and  may  be  t r a n s f e r e d   into  hosts  by  known  t e c h n i q u e s .  

S u r p r i s i n g l y ,   the  c o n s t i t u t i v e   hosts  processed  a  g r e a t e r   p e r c e n t a g e  

of  the  expressed  product   than  the  wild  type  hosts   which  were  induced 

by  phosphate  d e p l e t i o n .  



The  host  c e l l s   may,  but  need  not  c o n s t i t u t i v e l y   express   t h e  

host  p ro te in   normally  promoted  by  t he .p romote r   used  to  c o n t r o l  

t r a n s c r i p t i o n   of  DNA  for  the  d i rec t   hybrid  fus ion .   For  example ,  

e i t he r   an  E.  coli  phoA  de le t ion   mutant,  which  f a i l s   to  e x p r e s s  

act ive   AP,  or  an  AP-syn thes iz ing   cell   may  be  used  as  host;  t h e  

ac t ive   s e c r e t i o n   of  AP  by  the  ce l l s   does  not  n e c e s s a r i l y   i n t e r f e r e  

with  s e c r e t i o n   of  the  eukaryo t ic   p r o t e i n .   O r d i n a r i l y ,   the  h o s t  

bacterium  will  be  the  same  species  from  which  the  signal  was 

o b t a i n e d .  

While  any  c u l t u r e   medium  o r d i n a r i l y   used  for  the  host  c e l l s  

is  s a t i s f a c t o r y   for  the  t r a n s f o r m a n t s ,   the  composi t ion  of  h o s t  

c u l t u r e   medium  e x e r t s   a  strong  e f f e c t   on  the  s e c r e t i o n   of  e u k a r y o t i c  

p ro te in   by  wild  type  hosts  ( r a t he r   than  s t r a i n   W3110  phoA,  phoT  o r  

phoA,  phoR).  Media  con ta in ing   yeast   e x t r a c t   r e s u l t s   in  improved 

s e c r e t i o n   when  compared  to  t ryptone   (a  t r y p t i c   d iges t   of  case in)   o r  

a  s y n t h e t i c   mixture  of  19  amino  acids .   It  appears  tha t   one  or  more 

components  of  yeas t   e x t r a c t   helps  to  a c t i v a t e   s e c r e t i o n .  

In  the  p r e f e r r e d   embodiment  the  c e l l s   are  to  be  grown  u n d e r  

phosphate  l i m i t i n g   c o n d i t i o n s   p r io r   to  ha rves t   of  the  c u l t u r e .   This  

is  the  case  whether  or  not  the  organism  is  t ransformed  with  a  v e c t o r  

encoding  a  e u k a r y o t i c   p ro te in   under  the  con t ro l   of  a  promoter  for   a 

phosphate  p roces s ing   p r o t e i n ,   or  whether  the  cel l   is  d e f e c t i v e   i n  

t r a n s p o r t i n g   or  c a t a b o l i z i n g   phosphate  n u t r i e n t s .   S u r p r i s i n g l y ,   t h e  

use  of  a  p h o s p h a t e - l i m i t i n g   cu l tu re   medium  pr ior   to  cel l   h a r v e s t  

during  the  la te   s tages   of  f e rmenta t ion   g r e a t l y   improves  t h e  

mechanical  c h a r a c t e r i s t i c s   of  t ransformed  gram  negat ive   o r g a n i s m s .  

These  c h a r a c t e r i s t i c s   enhance  the  e f f i c a c y   of  the  cold  shock 

e x t r a c t i o n   method  desc r ibed   in f ra .   The  medium  is  made  p h o s p h a t e  

l i m i t i n g ,   for  example,  by  e i the r   p r e c i p i t a t i n g   the  phosphate  f r o m  

the  medium,  by  i n t roduc ing   phosphate  to  the  c u l t u r e   at  a  l i m i t i n g  

feed  r a t e ,   or  by  p rov id ing   an  i n i t i a l   supply  of  phosphate  tha t   w i l l  

be  inadequate   to  support   optimal  growth  of  the  c u l t u r e   beyond  a 
c e r t a i n   p rede te rmined   dens i ty .   The  i n i t i a l   supply  will  be 



s u f f i c i e n t   to  support   optimal  cel l   growth  during  ear ly   stages  of  t h e  
f e r m e n t a t i o n ,   for  example  log  phase  growth  or  to  an  ODS50  of  about  
45.  The  amount  of  phosphate  will  be  t a i l o r e d   to  the  other  n u t r i e n t s  

and  to  the  s t r a in   of  organism  used  in  the  c u l t u r e .   O r d i n a r i l y ,  

about  2.5  g/l  of  po tass ium/sodium  phosphate  s a l t s   are  employed  i n  

media  for  use  with  E.  coli   W3110  (ATCC  27325),  but  l a rger   amounts 

(about  4.0  g/ l)   are  used .wi th   c e l l s   having  phosphate   metabol i sm 

defec t s   such  as  the  phoT  mutant.   This  is  in  c o n t r a s t   w i th  

non l imi t ing   q u a n t i t i e s   of  phosphate  (about  9.0  g /1) .   The  amount  o f  

phosphate  ion  in  the  l i m i t i n g   c u l t u r e   medium  at  the  point  t h e  

c u l t u r e   becomes  l i m i t i n g   is  less  than  about  1  mM.  Typica l ly   t h e  

c e l l s   are  cu l tu red   under  these  l im i t i ng   c o n d i t i o n s   for  at  l e a s t  

about  1  hour  pr ior   to  h a r v e s t .  

P re f e r ab ly   the  c e l l s   are  permi t ted   to  a c c u m u l a t e  

pe r ip l a smic   he te ro logous   p r o t e i n   to  a  maximum  l e v e l ,   usua l ly   d u r i n g  

a  growth  stage  fo l lowing   l oga r i t hmic   growth,  p r i o r   to  i n i t i a t i o n   o f  

the  t r ea tmen t   provided  he re in .   The  c e l l s   should  be  k i l l e d   as  soon 

as  th is   point  is  reached  or  s h o r t l y   t h e r e a f t e r .   The  term  " k i l l e d "  

means  tha t   the  c e l l s   at  l e a s t   are  unable  to  r e p l i c a t e .   It  i s  

l i k e l y ,   however,  tha t   t r ea tmen t   with  alkanol  and  heat  as  is  f u r t h e r  

desc r ibed   in f ra   i n t e r d i c t s   or  des t roys   me tabo l i c   f u n c t i o n s   n o t  

d i r e c t l y   a s soc ia t ed   with  r e p l i c a t i o n .   However,  o ther   t han  

e l i m i n a t i o n   of  a  d e l e t e r i o u s   p r o t e o l y t i c   a c t i v i t y   of  E.  coli  towards  

pe r ip l a smic   hGH  the  impacted  metabol ic   f u n c t i o n s   remain  unknown. 

The  k i l l i n g   procedure  should  not  r up tu re ,   lyse  or  weaken  the  i n n e r  

cell  membrane  of  the  host  o r g a n i s m .  

Cells  that   have  reached  the  des i red   poin t   of  growth  a r e  

p r e f e r a b l y   k i l l ed   by  immediately  con t ac t i ng   them  with  an  alkanol  and 

hea t ing .   The  alkanol  should  not  be  an  alkanol  which  is  ly t i c   f o r  

cel l   membranes,  e.g.  1 -oc t ano l .   Genera l ly ,   s u i t a b l e   a l k a n o l s  

include  lower  (C2  to  C4)  monohydroxy  a lkanols   such  as  1 - b u t a n o l  

cr  e thanol ,   p r e f e r a b l y   1 -bu tano l .   The  alcohol  should  be  c o n t a c t e d  
with  the  ce l l s   by  adding  the  alkanol  to  the  f e r m e n t a t i o n   c u l t u r e  



while  c o n t i n u o u s l y   m i x i n g .  

The  amount  of  alcohol  which  is  added  will  be  such  as  t o  

bring  the  c u l t u r e   to  an  alkanol  concen t r a t i on   of  about  from  0 . 5  

percent   to  10  percent   v o l / v o l ,   and  p r e f e r a b l y   about  to  1.5  p e r c e n t  

vol /vol   for  1 - b u t a n o l .   Butanol  is  p re fe r r ed   because  as  l i t t l e   as  

about  0.5  percent   can  be-used;   larger   p ropor t ions   are  needed  f o r  

e q u i v a l e n t   i n a c t i v a t i o n   when  using  a  propanol  or  e t h a n o l .  

Contemporaneous  with  or  a f t e r   the  add i t ion   of  alkanol  t o  

the  ce l l   c u l t u r e ,   the  t empera tu re   of  the  c u l t u r e   is  i nc reased   to  and 

held  at  a  level  s u f f i c i e n t   in  conjunct ion   with  alkanol  to  k i l l   t h e  

c e l l s .   O r d i n a r i l y   t h i s   will  be  about  from  0.5  to  20  minutes  at  a 

tempera ture   of  about  from  55*C  to  35*C,  the  higher  t e m p e r a t u r e s  

being  employed  for  the  l e s s e r   pe r iods .   The  alkanol  enables   t h e  

heat ing  to  be  conducted  at  a  lower  temperature   than  would  o t h e r w i s e  

be  r e q u i r e d ,   an  advantage  in  p rese rv ing   the  a c t i v i t y   of  p r o t e i n s   t o  

be  r e c o v e r e d .  

Cell  k i l l i n g   is  not  c r i t i c a l .   Since  it  is  useful   i n  

p reven t ing   or  r e t a r d i n g   product   degrada t ion   it   may  be  d i spensed   w i t h  

if  the  c e l l s   can  be  processed   quickly   and  r e g u l a t o r y   r e q u i r e m e n t s  

for  handling  recombinant   c e l l s   can  be  o therwise   complied  w i t h .  

However,  we  have  found  tha t   k i l l i n g   the  c e l l s   approx imate ly   d o u b l e s  

the  product   p ro t e in   r ecovery   without  reducing  the  p u r i t y   of  t h e  

product   p ro te in   in  the  recovered  s u p e r n a t a n t s .  

After   the  c e l l s   are  cu l tu red   and/or  k i l l e d ,   p e r i p l a s m i c  

p ro t e in   is  recovered .   This  g e n e r a l l y   e n t a i l s   forming  a  pas te   of  t h e  

c e l l s ,   f r eez ing   the  c e l l s ,   thawing  the  c e l l s ,   suspending  them  in  

buf fe r ,   and  s e p a r a t i n g   the  pe r ip lasmic   p ro t e ins   from  ce l l   d e b r i s ,  

e .g .   by  low  speed  c e n t r i f u g a t i o n   or  f i l t r a t i o n .   The  p e r i p l a s m i c  

p r o t e i n s ,   inc luding  s e c r e t e d   eukaryo t ic   p r o t e i n s ,   are  loca ted   in  t h e  

s u p e r n a t a n t .   Eukaryo t ic   pe r ip l a smic   p ro t e in s   may  be  ob ta ined   i n  

higher  s p e c i f i c   a c t i v i t y ,   i . e .   p u r i t y ,   than  is  a t t a i n e d   with  o smo t i c  



shock  methods,  and  t rea tment   with  a  hyper ton ic   agent  such  as  20 

percent   sucrose  is  not  r e q u i r e d ,   but  i t   should  be  understood  t h a t  

any  method  for  causing  the  outer   membrane  of  the  ce l l   to  become 

permeable  to  the  pe r ip l a smic   p ro t e in   can  be  used  with  k i l l e d   c e l l s .  

The  cel l   paste  to  be  f rozen  is  produced  by  c e n t r i f u g i n g   o r  

f i l t e r i n g   the  cell   c u l t u r e   and  r ecover ing   the  ce l l   mass.  This  p a s t e  

t y p i c a l l y   conta ins   r e s idua l   q u a n t i t i e s   of  the  fermented  c u l t u r e  

medium,  e .g.   LB  (Luria  Broth)  medium;  it  is  unnecessary   to  wash  t h e  

c e l l s   with  a  f r eez ing   menstruum  p r io r   to  the  subsequent   s teps .   I t  

is  not  c r i t i c a l   tha t   a  cel l   pas te   be  formed  as  the  cold  shock 

e x t r a c t i o n   method  herein  is  l a r g e l y   independent   of  ce l l   d e n s i t y .  

However,  the  economics  of  f r e e z i n g   and  thawing  large  volumes  o f  

ma te r i a l   are  such  that   small  paste   volumes  are  p r e f e r r e d .  

The  cell   f r eez ing   should  be  as-soon  as  p o s s i b l e .   G e n e r a l l y  

the  pas te   at  room  t empera tu re   is  placed  in  a  f r e e z e r   at  -20°C  u n t i l  

f rozen ,   and  then  s tored  at  -80°C  un t i l   f u r t h e r   p r o c e s s i n g   i s  

r e q u i r e d .  

The  frozen  paste  is  thawed  and  d i l u t e d   into  several   volumes 

of  water  or  aqueous  bu f f e r ,   p r e f e r a b l y   about  3  or  g r e a t e r   volumes  o f  

10  mM  tr is-HCI  buffer   at  pH8.  This  buf fe r   is  hypotonic   to  t h e  

i n t r a c e l l u l a r   conten ts   of  the  host  organisms.   The  fo l lowing   s t e p s  

are  performed  at  about  4°C.  The  d i l u t i o n s   g e n e r a l l y   should  be  abou t  

3  volumes  of  buf fe r ,   a l though  the  i d e n t i t y ,   c o n c e n t r a t i o n ,   and  pH  o f  

buf fe r   will   vary  depending  upon  the  pe r i p l a smic   p r o t e i n   to  be 

r e c o v e r e d .  

The  ce l l s   are  thoroughly   suspended  in  the  bu f f e r .   Th is  

step  is  f a c i l i t a t e d   by  suspending  the  c e l l s   in  the  buf fe r   by  u s e  o f  

a  homogenizer  set  at  a  speed  at  which  no  s u b s t a n t i a l   l y s i s   of  t h e  

c e l l s   o c c u r s .  

The  suspended  c e l l s   are  gent ly   s t i r r e d   for  about  from  10  t o  



60  minutes ,   o r d i n a r i l y   about  30  minutes.   Then  the  cell   debr is   and 
c e l l s   ( c o n t a i n i n g   cy toplasmic   p r o t e i n s )   are  removed  by 

c e n t r i f u g a t i o n ,   t y p i c a l l y   12,000  x  g  for  30  minutes,   or  by 

f i l t r a t i o n .   The  supe rna t an t   con ta ins   the  pe r ip lasmic   p r o t e i n s ,  

s o l u b i l i z e d   outer  membrane  p r o t e i n s ,   r e s idua l   c u l t u r e   medium  and 

e x t r a c e l l u l a r   p r o t e i n s ,   and  a  small  p ropor t ion   of  s o l u b l e  

i n t r a c e l l u l a r   p r o t e i n s . . T h e   des i r ed   euka ryo t i c   p ro te in   may  be 

p u r i f i e d   from  the  supe rna t an t   in  accord  with  f u r t h e r   procedures   as  

d e s i r e d .  

The  f r eeze - thaw  e x t r a c t i o n   method  descr ibed   above  o f f e r s  

c o n s i d e r a b l e   advantages  in  terms  of  y i e ld   and,  s u r p r i s i n g l y ,   p u r i t y  

of  the  des i red   pe r ip la smic   p r o t e i n   when  compared  to  e x t r a c t i o n   o f  

e i t h e r   f r e s h  k i l l e d   or  u n k i l l e d   t r a n s f o r m a n t s   with  bu f fe r   a l o n e .  

Approximate ly   5  to  26  times  as  much  hGH  is  recovered  from  f r o z e n  

u n k i l l e d   c e l l s   than  from  unf rozen ,   unk i l l ed   b u f f e r - e x t r a c t e d   c e l l s .  

The  s u p e r n a t a n t s   from  frozen  k i l l e d   c e l l s   were  about  19  percent   hGH 

by  weight  of  t o t a l   p r o t e i n ,   but  from  f r e sh   k i l l e d   c e l l s   only  abou t  

16  percent   hGH. 

The  foregoing  method  is  appl ied   in  the  fo l lowing   Examples 

to  the  recovery  of  hGH  from  E.  coli   t r ans formed   with  a  vector   which 

expresses   mature  hGH  as  a  d i r e c t   hybrid  fusion  with  the  E.  coli  h e a t  

s t a b l e   e n t e r o t o x i n   STII  s ignal   pep t i de .   However,  it  will   be 

a p p r e c i a t e d   that   the  recovery   method  herein   is  a p p l i c a b l e   to  t h e  

s e p a r a t i o n   of  pe r ip lasmic   p r o t e i n s   from  t ransformed  b a c t e r i a l   c e l l s  

in  gene ra l ,   e.g.   those  d i s c l o s e d   in  U.S.  pa ten ts   4 ,411,994  and 

4 ,375 ,514;   K.  Talmadge  et  a l . ,   op,  c i t   (both  c i t a t i o n s ) ;   0 .  

Zemel-Dreasen  et  a l . ,   op  c i t   and  G.  Gray  e t   a l . ,   op  c i t .  

In  order  to  s imp l i fy   the  Examples  c e r t a i n   f r e q u e n t l y  

occu r r i ng   and  well-known  methods  employed  in  r e c o m b i n a n t  

c o n s t r u c t i o n s   will  be  r e f e r e n c e d   by  shorthand  phrases  o r  

d e s i g n a t i o n s .  



Plasmids  are  de s igna t ed   by  a  lower  case  p  preceded  a n d / o r  
followed  by  cap i t a l   l e t t e r s   and/or   numbers.  The  s t a r t i n g   p l a s m i d s  

or  sources  of  DNA  herein  are  commerc ia l ly   a v a i l a b l e ,   are  p u b l i c a l l y  

a v a i l a b l e   on  an  u n r e s t r i c t e d   b a s i s ,   or  can  be  c o n s t r u c t e d   f rom 

a v a i l a b l e   plasmids  or  p o l y n u c l e o t i d e s   in  accord  with  p u b l i s h e d  

procedures .   In  add i t ion ,   o ther   e q u i v a l e n t   plasmids  are  known  in  t h e  

art  and  will  be  a p p a r e n t . t o   the  o r d i n a r y   a r t i s a n   since  the  p l a s m i d s  

g e n e r a l l y   only  func t ion   as  r e p l i c a t i o n   veh ic le s   for  the  p r e p r o t e i n  

and  i ts   control   sequences,   or  for  elements  the reof   in  i n t e r m e d i a t e  

c o n s t r u c t i o n s .  

"Digest ion"   of  DNA  r e f e r s   to  c a t a l y t i c   c leavage  of  the  DNA 

with  an  enzyme  tha t   acts  only  at  c e r t a i n   l o c a t i o n s   in  the  DNA.  Such 

enzymes  are  ca l led   r e s t r i c t i o n   enzymes,  and  the  s i t e s   for  which  e a c h  

is  s p e c i f i c   is  ca l l ed   a  r e s t r i c t i o n   s i t e .   " P a r t i a l "   d i g e s t i o n  

re fe r s   to  incomplete  d i g e s t i o n   by  a  r e s t r i c t i o n   enzyme,  i . e . ,  

cond i t i ons   are  chosen  tha t   r e s u l t   in  c leavage  of  some  but  not  all   o f  

the  s i t e s   f o r  a   given  r e s t r i c t i o n   endonuclease   in  a  DNA  s u b s t r a t e .  

The  various  r e s t r i c t i o n   enzymes  used  herein   a r e  

commercial ly  a v a i l a b l e   and  t h e i r   r e a c t i o n   c o n d i t i o n s ,   c o f a c t o r s   and 

other  requi rements   as  e s t a b l i s h e d   by  the  enzyme  s u p p l i e r s   were  

used.  R e s t r i c t i o n   enzymes  commonly  are  des igna ted   by  a b b r e v i a t i o n s  

composed  of  a  cap i t a l   l e t t e r   fo l lowed  by  other   l e t t e r s   and  t h e n ,  

g e n e r a l l y ,   a  number  r e p r e s e n t i n g   the  microorganism  from  which  e a c h  

r e s t r i c t i o n   enzyme  o r i g i n a l l y   was  ob t a ined .   In  gene ra l ,   about  1  µg 
of  plasmid  or  DNA  fragment  is  used  with  about  1  unit  of  enzyme  i n  

about  20  µl  of  buffer   s o l u t i o n .   Appropr i a t e   bu f fe r s   and  s u b s t r a t e  

amounts  for  p a r t i c u l a r   r e s t r i c t i o n   enzymes  are  s p e c i f i e d   by  t h e  

manufac tu re r .   Incubat ion  times  of  about  1  hour  at  37°C  a r e  

o r d i n a r i l y   used,  but  may  vary  in  accordance  with  the  s u p p l i e r ' s  

i n s t r u c t i o n s .   After  i n c u b a t i o n ,   p r o t e i n   is  removed  by  e x t r a c t i o n  

with  phenol  and  chloroform,  and  the  d iges t ed   nuc le ic   acid  i s  

recovered  from  the  aqueous  f r a c t i o n   by  p r e c i p i t a t i o n   with  e t h a n o l .  

Diges t ion  with  a  r e s t r i c t i o n   enzyme  i n f r e q u e n t l y   is  fo l lowed  w i t h  



b a c t e r i a l   a l k a l i n e   phosphatase   hydro lys i s   of  the  terminal   5 '  

phosphates   to  prevent  the  two  r e s t r i c t i o n   cleaved  ends  of  a  DNA 

fragment  from  " c i r c u l a r i z i n g "   or  forming  a  closed  loop  upon  l i g a t i o n  

(de sc r i bed   below)  that   would  impede  i n s e r t i o n   of  another   DNA 

fragment  at  the  r e s t r i c t i o n   s i t e .   Unless  o therwise   s t a t e d ,  

d i g e s t i o n   of  plasmids  is  not  followed  by  5'  t e r m i n a l  

d e p h o s p h o r y l a t i o n .   Procedures   and  reagents   for  d e p h o s p h o r y l a t i o n  

a re  . conven t iona l   (T.  Maniat is   et  a l . ,   1982,  Molecular  C l o n i n g  

pp.  1 3 3 - 1 3 4 ) .  

"Recovery"  or  " i s o l a t i o n "   of  a  given  fragment  of  DNA  from  a 

r e s t r i c t i o n   d iges t   means  s e p a r a t i o n   of  the  d iges t   on  p o l y a c r y l a m i d e  

gel  e l e c t r o p h o r e s i s ,   i d e n t i f i c a t i o n   of  the  fragment  of  i n t e r e s t   by 

comparison  of  i ts   m o b i l i t y   versus  that   of  marker  DNA  f ragments   o f  

known  molecular   weight,   removal  of  the  gel  sec t ion   c o n t a i n i n g   t h e  

des i r ed   f ragment ,   and  s e p a r a t i o n   of  the  DNA  from  the  gel ,   g e n e r a l l y  

by  e l e c t r o e l u t i o n .   This  procedure   is  known  g e n e r a l l y .   For  example ,  

see  R.  Lawn  et  a l . ,   1981,  "Nucleic   Acids  Res."  9:  6103-6114,  and  D. 

Goeddel  et  a l . ,   1980,  "Nucleic   Acids  Res."  8:  4057.  

"Southern  Analys is"   is  a  method  by  which  the  p resence   o f  

DNA  sequences  in  a  d i g e s t   or  DNA-containing  composi t ion  is  c o n f i r m e d  

by  h y b r i d i z a t i o n   to  a  known,  l a b e l l e d   o l i g o n u c l e o t i d e   or  DNA 

fragment .   For  the  purposes  he r e in ,   unless  o therwise   p r o v i d e d ,  

Southern  ana ly s i s   shal l   mean  s e p a r a t i o n   of  d i g e s t s  o r   1  p e r c e n t  

agarose ,   d e n a t u r a t i o n   and  t r a n s f e r   to  n i t r o c e l l u l o s e   by  the  method 

of  E.  Southern,   1975,  "J.  Mol.  Bio l . "   98:  503-517,  and  h y b r i d i z a t i o n  

as  desc r ibed   by  T.  Maniat is   et  a l . ,   1978,  "Cell"  15:  6 8 7 - 7 0 1 .  

"Trans fonna t ion"   means  i n t roduc ing   DNA  into  an  organism  so 

that   the  DNA  is  r e p l i c a b l e ,   e i t h e r   as  an  extrachromosomal  e lement   o r  

chromosomal  i n t e g r a n t .   Unless  o therwise   provided,   the  method  used  

herein  for  t r a n s f o r m a t i o n   of  E.  coli  is  the  CaCl2  method  of  Mandel 

et  a l . ,   1970,  "J.  Mol.  Bio l . "   53:  154. 



"Liga t ion"   r e f e r s   to  the  process   of  forming  p h o s p h o d i e s t e r  

bonds  between  two  double  s t randed  nuc le ic   acid  f r a g m e n t s  

(T.  Mania t i s   et  a l . ,   Id. ,   p.  146).  Unless  o therwise   p r o v i d e d ,  

l i g a t i o n   may  be  accomplished  using  known  bu f f e r s   and  c o n d i t i o n s   w i t h  

10  un i t s   of  T4  DNA  l igase   ( " l i g a s e " )   per  0.5  µg  of  a p p r o x i m a t e l y  

equimolar  amounts  of  the  DNA  fragments   to  be  l i g a t e d .  

" P r e p a r a t i o n "   of  DNA  from  t r a n s f o r m a n t s   means  i s o l a t i n g  

plasmid  DNA  from  microbia l   c u l t u r e .   Unless  o therwise   p rovided ,   t h e  

a lka l ine /SDS  method  of  Maniat is   et  a l . ,   Id.  p.  90. ,   may  be  u s e d .  

" O l i g o n u c l e o t i d e s "   are  short   length  s ing le   or  d o u b l e  

s t randed  po lydeoxynuc l eo t i de s   which  are  chemica l ly   syn the s i zed   by 
known  methods  and  then  p u r i f i e d   on  po lyacry lamide   g e l s .  

All  l i t e r a t u r e   c i t a t i o n s   are  e x p r e s s l y   i n c o r p o r a t e d   by 

r e f e r e n c e .  

Example  1 

Cons t ruc t ion   of  a  Plasmid  Encoding  for  the  E.  c o l i  

Hea t -S t ab l e   En te ro tox in   (STII)  Gene  Signal  Pept ide   S e q u e n c e .  

The  fo l lowing   c o n s t r u c t i o n   is  i l l u s t r a t e d   in  Fig.  2a.  The 

plasmid  pWM501  (Picken  et  al,  op  c i t )   con ta ins   the  h e a t - s t a b l e  

e n t e r o t o x i n   (STII)  gene.  A  por t ion   of  the  DNA  which  encodes  t h e  

STII  gene  was  recovered  from  pWM501 1  ( s t i p p l e d   region  of  Fig.  2a )  

using  the  fo l lowing   s teps .   pWM501  was  d iges t ed   with  RsaI  and  t h e  

550  bp  DNA  f ragment  2   was  i s o l a t e d .   This  gene  fragment  was  l i g a t e d  

to  the  phage  M13mp8  (J.  Messing  e t  a l .   in  the  Third  C l e v e l a n d  

Symposium  on  Macromolecules:   Recombinant  DNA,  Ed.  A.  Wal ton ,  

E l s e v i e r ,   Amsterdam  (1981)  pp  143-153)  tha t   had  been  p r e v i o u s l y  

d iges ted   with  Smal.  The  l iga ted   DNA  was  used  to  t r ans form  E.  c o l i  

JM101,  a  commercial ly   a v a i l a b l e   s t r a i n   for  use  with  the  M13  p h a g e .  

Clear  plaques  were  recovered.   The  double  s t randed  M13mp8  STII  Rsa 



d e r i v a t i v e   3  was  i s o l a t e d   from  an  E.  coli  JM101  infec ted   with  t h i s  

phage  using  s tandard   procedures  (J.  Messing  e t  a l .   op  c i t ) .   By  t h e  

use  of  the  M13mp8  subcloning  procedure  j u s t   descr ibed  t h e  

approximately  550  base  pair  fragment  2  con ta in ing   the  S T I I  l e a d e r  

gene  is  now  bounded  by  a  se r ies   of  d i f f e r e n t   r e s t r i c t i o n  

endonuclease  s i t e s   provided  by  the  phage.  The  M13mp8  STII  Rsa 

d e r i v a t i v e   3  then  was  d iges ted   with  EcoRI  and  Pst  I  and  a  DNA 

fragment  4  s l i g h t l y   l a rge r   than  fragment  2  was  i s o l a t e d .  

EcoRI-Pst I   fragment  4  was  subcloned  into  pBR322.  This  was 

accomplished  by  d i g e s t i n g   pBR322  with  EcoRI  and  PstI  and  i s o l a t i n g  

the  vector  5.  The  i s o l a t e d   vector  5  was  l i ga t ed   to  the  E c o R I - P s t I  

DNA  fragment  4.  This  DNA  mixture  was  used  to  t ransform  E.  coli   294 

and  t e t r a c y c l i n e   r e s i s t a n t   colonies   s e l e c t e d .   A  plasmid 6  was 

i so l a t ed   from  a  r e s i s t a n t   E.  coli  colony  and  des ignated   pSTII 

p a r t i a l .  

Example  2 

C o n s t r u c t i o n   of  a  Plasmid  encoding  the  STII  Signal  P e p t i d e  

Under  the  Control  of  the  Trp  P romote r .  

This  c o n s t r u c t i o n   method  is  shown  in  Fig.  2b.  pSTII  

p a r t i a l   from  Example  1  was  d iges ted   with  MnII  and  BamHI  and  a  180  bp 

fragment  7  c o n t a i n i n g   the  STII  S.D.  sequence,   the  STII  s i g n a l  

sequence,  and  the  f i r s t   30  codons  of  the  mature  STII  gene  was 

i s o l a t e d .   DNA  f r agmen t  7   was  l i g a t e d   to  a  plasmid  con ta in ing   t h e  

trp  promoter.   One  such  plasmid  pHGH207-1,  8,  has  been  d e s c r i b e d  

p rev ious ly   (H.  de  Boer  et  a l . ,   1982,  in:  Promoters:   S t r u c t u r e   and 

Function,   Eds.  R.  Rodreguez  e t  a l .   Chamberl in,   Praeger  Pub.,  New 

York,  NY,  pp  462-481) .   A  d e r i v a t i v e   of  t h i s   plasmid,  pHGH207-1*, 

wherein  the  EcoRI  s i t e   5'  to  the  trp  promotor  had  been  conver ted   t o  

EcoRI*  by  f i l l i n g   in  with  DNA  polymerase  I  (DNA  pol  I)  and  j o i n i n g  

the  blunt  ends  by  l i g a t i o n   (S.  Cab i l ly   et  a l . ,   1984 ,  "Proc .   N a t l .  

Acad.  Sci.  USA"  81:  3273-3277)  was  used  in  th is   example.  The  t r p  



p r o m o t e r - c o n t a i n i n g   plasmid  was  d iges ted   with  Xbal  and  t r e a t e d   w i t h  

DNA  pol  I  and  all  four  dNTPs  to  f i l l   in  the  p r o t r u d i n g   s e q u e n c e .  
The  DNA  p r e p a r a t i o n   was  then  d iges t ed   with  BamHI  and  the  v e c t o r  

con ta in ing   fragment  9  i s o l a t e d .   Vector  fragment  9  then  was  l i g a t e d  

to  the  180  bp  STII  s i g n a l - c o n t a i n i n g   DNA  fragment  7  i s o l a t e d   above.  

The  l i g a t i o n   mixture  was  used  to  t ransform  E.  coli   294  to  a m p i c i l l i n  

r e s i s t a n c e .   A  plasmid  de s igna t ed   STII  leader  10  was  i s o l a t e d   f rom 

an  a m p i c i l l i n   r e s i s t a n t   colony.   This  plasmid  con ta in s   the  STII 

s ignal   sequence  and  a  po r t ion   of  the  gene  encoding  mature  STII  unde r  

the  control   of  the  trp  promoter.   In  the  fo l lowing  example,  the  DNA 

sequence  encoding  mature  hGH  was  operably  l i ga t ed   downstream  f rom 

the  t r p  -   STII  signal  s e q u e n c e .  

Example  3 

Cons t ruc t ion   of  an  Express ion  and  Sec re t ion   Plasmid  for  hGH 

Refer  to  Figs.   2c-2d  for  a  schematic  d i s p l a y   of  t h i s  

method.  STII  leader   10  was  d iges t ed   with  BgIII  then  t r e a t e d   w i t h  

DNA  p o l  I  a n d   all  four  NTP's  to  f i l l   in  the  p r o t r u d i n g   end,  and  t h e n  

d iges ted   with  BamHI.  The  v e c t o r - c o n t a i n i n g   fragment  11  was 

i s o l a t e d .   The  plasmid  pHGH207-1  from  Example  2  was  d i g e s t e d   w i t h  

EcoRI,  t r e a t e d   with  DNA  pol  I  and  all  four  NTP's  to  f i l l   in  t h e  

p ro t rud ing   end,  and  then  d iges t ed   with  BamHI.  The  hGH 

gene -con ta in ing   fragment  12  of  about  920  bp  was  i s o l a t e d   from  t h e  

BamHI  d i g e s t i o n .   These  two  fragments   were  l i g a t e d   and  the  DNA 

mixture  used  to  t r ans fo rm  E.  coli   294  to  t e t r a c y c l i n e   r e s i s t a n c e ,   A 

plasmid  des ignated   p t rpSTII-HGH-fus ion  13  was  i s o l a t e d   from  t h e  

r e s i s t a n t   E.  coli  c o l o n i e s .   This  plasmid  s t i l l   con t a in s   e x t r a n e o u s  

n u c l e o t i d e s   encoding  a . p o r t i o n   of  the  STII  mature  p r o t e i n   between 

the  STII  leader  pept ide   sequence  and  the  hGH  s t r u c t u r a l   gene.  These 

n u c l e o t i d e s   were  de le t ed   using  the  M13  s i t e   s p e c i f i c   m u t a g e n e s i s  

procedure  (J .P.   Adelman  et  al,  1983,  "DNA"  2:  1 8 3 - 1 9 3 ) .  

The  gene  from  ptrpSTII   HGH  fusion  13  was  i n c o r p o r a t e d   i n t o  



the  s i ng l e   s t randed  phage  M13mp10  (J.  Messing  et  a l . ,   op  c i t .   and  J .  

Adelman  e t  a l .   op  c i t . ) .   M13  mutagenesis   phage  and  E.  coli  s t r a i n s  

are  commercia l ly   a v a i l a b l e .   Mutagenesis   was  accomplished  f i r s t   by 

d i g e s t i n g   plasmid  13  with  Xbal  and  BamHI  and  then  r ecover ing   f r agmen t  

14.  M13mp10  was  d iges ted   with  XbaI  and  BamHI  and  the  phage  f r agmen t  

(not  shown)  was  i s o l a t e d .   Fragment  14  was  l i ga ted   into  the  phage 

fragment   and  the  l i g a t i o n   mixtures   used  to  t ransform  JM101.  The 

t r ans fo rmed   cu l tu r e   was  p la ted   and  incuba ted .   Phage  having  t h e  

f ragment   14  inse r t   were  i d e n t i f i e d   as  c l ea r   r a the r   than  blue  p l aques  

in  the  E.  coli  chromogenic  i n d i c a t o r   lawn.  Corresponding  phage  were 

grown  on  E.  coli  JM101,  and  the  c u l t u r e   c e n t r i f u g e d .   Single   s t r a n d e d  

phage  15  are  present   in  the  s u p e r n a t a n t .   Single  s t randed  phage  15 

DNA  was  p repared ,   anneal led  to  the  s y n t h e t i c   o l i g o n u c l e o t i d e   p r i m e r  

5'pCAAATGCCTATGCATTCCCAACTATACC-OH3',  primer  extended  with  DNA  pol  I 

and  the  four  NTPs  to  obtain  double  s t randed  DNA  (one  of  which  s t r a n d s  

con ta ined   the  d e l e t i o n ) ,   t r e a t e d   with  T4  l i g a s e ,   e x t r a c t e d   and  used 

to  t r a n s f o r m   E.  coli  JM101  (See  J.  Adelman  et  a l . ,   op  c i t ) .   Note 

tha t   the  f i r s t   14  n u c l e o t i d e s   of  the  primer  are  the  coding  sequence  
for  the  3'  end  of  the  STII  s i g n a l ,   while  the  l a s t   14  n u c l e o t i d e s   a r e  

the  coding  sequence  for  the  5'  end  of  the  mature  hGH  gene.  Double 

s t r anded   phage  were  obtained  from  the  c e l l u l a r   con ten t s   of  t h e  

t r ans fo rmed   JM101,  t r a n s f e c t e d   into  p la ted   E.  coli  JM101,  t r a n s f e r  

f i l t e r   impress ions   taken  of  the  p l a t e s   and  double  s t randed   phage 

c o n t a i n i n g   the  de le t ion   were  i d e n t i f i e d   on  the  f i l t e r s   by  Sou the rn  

a n a l y s i s   with  a  5 ' - 3 2 P - l a b e l l e d   o b i g o n u c l e o t i d e   having  the  DNA 

sequence  of  the  primer.  Double  s t r anded   DNA  17  was  prepared  from 

the  E.  coli   infec ted   with  the  M13mp10  con ta in ing   the  gene  d e l e t i o n .  

This  DNA  was  d iges ted   with  XbaI  and  BamHI  and  the  DNA  fragment  17 

i s o l a t e d .   This  was  l iga ted   in  the  presence  of  fragment  18  from 

s i m i l a r l y   d iges ted   and  i s o l a t e d   pHGH207-1 .  The  l i g a t i o n   was  used 

to  t r a n s f o r m   E.  coli  294  to  t e t r a c y c l i n e   r e s i s t a n c e .   Plasmid  p t r p -  

STII-HGH  19  was  recovered  and  i t s   n u c l e o t i d e   sequence  de termined.   A 

d e t a i l e d   r e s t r i c t i o n   map  of  th i s   plasmid  is  shown  in  f i g u r e   3.  The 
DNA  sequence  of  this   plasmid  in  the  v i c i n i t y   of  the  hGH  gene  i s  
shown  in  Fig  3a.  



Example  4 

Express ion  and  Sec re t ion   of  hGH 

HGH  was  syn thes i zed   in  shake  c u l t u r e   using  plasmid  19  f rom 

Example  3.  E.  coli   294  was  t ransformed  with  plasmid  19  and 

innoculated  into  10-20  ml  of  LB  medium  with  5  pg/ml  t e t r a c y c l i n e   i n  

a  50  or  125  ml  shake  f l a s k .   The  f lask  was  c u l t u r e d   for  12-24  hours  

at  37°C  without  the  add i t ion   of  any  f u r t h e r   medium,  a f t e r   which  t h e  
ce l l s   were  recovered  by  c e n t r i f u g i n g .   Total  c e l l u l a r   hGH  was 

assayed  by  radioimmunoassay  of  son ica ted   c e l l s .   The  s ec re t ed   hGH 

was  recovered  through  osmotic  shock  and  de termined  to  be  mature  hGH 

by  SDS-PAGE  and  N-terminal   amino  acid  te rminal   sequencing.   Amounts 

recovered  were  about  ten  times  that   which  is  expressed   when  u s i n g  
the  human  hGH  signal   under  control   of  the  trp  p r o m o t e r .  

Example  5 

Cons t ruc t ion   of  Plasmid  pAP-1  Designed  to  Express  and  S e c r e t e  

Human  Growth  Hormone  (hGH)  Under  the  Control  of  the  AP 

Promoter  and  Signal  S e q u e n c e .  

This  c o n s t r u c t i o n   is  shown  in  Figs.   4a-4c.   A  DNA  f r agmen t  

conta in ing   a  por t ion   of  the  AP  gene  was  i s o l a t e d   from  the  p lasmid  

pHI-1  20  [Inouye,  H.,  e t  a l . ,   J.  B a c t e r i o l .   146:  668-675  ( 1 9 8 1 ) ] .  

This  was  done  using  a  s e r i e s   of  s teps  to  i n t roduce   an  EcoRI  s i t e   5 '  

to  the  AP  gene  and  promoter  sequence.  The  plasmid  20  was  d i g e s t e d  

with  HpaI  and  then  l i g a t e d   to  a  l inker   molecule  c o n t a i n i n g   two  EcoRI 

s i t e s   in  tandem.  After   heat  i n a c t i v a t i o n   of  the  l i ga se   enzyme  t h e  

DNA  was  d igested  with  EcoRI  and  a  1200  bp  fragment  i s o l a t e d .   Thi.s 

DNA  fragment  was  then  t r e a t e d   with  HpalI  and  a  464  bp  fragment  21 

i so l a t ed .   A  plasmid  22  con ta in ing   cDNA  prepared  from  human  growth 
hormone  mRNA  was  prepared  as  descr ibed   by  Mart ia l   et  a l . ,   "Sc i ence"  
205:  602-606  (1979)  and  Roskem  et  a l . ,   "Nucleic  Acids  Res."  7:  



305-320  (1979)  (see  also  European  Pub l i ca t i on   No.  127305).  Plasmid 

22  was  d iges ted   with  HpaII  and  a  461  bp  fragment  was  i s o l a t e d .   The 

461  bp  fragment  was  f u r t h e r   d iges ted   with  PstI  and  a  200  bp  f r agment  

23  con ta in ing   part  of  the  hGH  gene  then  i s o l a t e d .   DNA  fragments  21 

and  23  were  l iga ted   to  a  3609bp  DNA  fragment  i s o l a t e d   from  pBR322 

that   had  been  p rev ious ly   d iges ted   with  EcoRI  and  Ps t I .   Tnis  DNA 

l i g a t i o n   mixture  was  used  to  t ransform  E.  coli  294  to  t e t r a c y c l i n e  

r e s i s t a n c e .   A  plasmid  24,  des igna ted   pcHGHpps,  was  recovered  from  a 

t r a n s f o r m a n t   co lony .  

In  plasmid  24  the  gene  encoding  the  AP  promoter  and  s i g n a l  

sequence  in  pcHGHpps  was  l inked  to  hGH  in  the  same  reading  f rame.  

However  a  number  of  ex t raneous   nuc l eo t ides   were  p resen t   between  t h e  

s ignal   sequence  and  the  beginning  of  the  mature  hGH  gene.  This  

ex t raneous   nuc leo t ide   sequence  was  dele ted  by  mutagenes i s .   pcHGHpps 

was  d iges t ed   with  EcoRI  and  PstI  and  the 663  bp  fragment  25 

i s o l a t e d .   Fragment  25  was  in t roduced  into  M13mp9  p r e v i o u s l y  

d ige s t ed   with  Pstl  and  EcoRI.  This  was  l i g a t e d   and  used  t o  

t r ans fo rm  E.  coli  JM101.  Clear  plaques  were  s e l e c t e d   and  a 

d e r i v a t i v e   phage  26,  M13mp9-cHGHpps,  was  i d e n t i f i e d   and  i s o l a t e d .  

Phage  26  was  annealed  to  the  s y n t h e t i c   o l i g o n u c l e o t i d e   p r i m e r  

5'PCTGTGACAAAAGCCTTCCCAACCATTCC-OH3'.  The  f i r s t   14  n u c l e o t i d e s  

correspond  to  the  sequence  of  the  3'  end  of  the  AP  s ignal   p e p t i d e  

and  the  las t   14  correspond  to  the  5'  end  of  the  mature  hGH  coding 

sequence.  The  s i t e - s p e c i f i c   d e l e t i o n   mutagenesis   was  performed  as  

p r e v i o u s l y   descr ibed  in  Example  3  (see  also  J.  Adelman  e t  a l .  o p  

c i t . ) .   Plaques  con ta in ing   the  des i red   d e l e t i o n   were  de tec ted   by 

Southern  analys is   with  the  5 ' - 3 2 P - l a b e l e d   o l i g o n u c l e o t i d e   primer  o f  

th is   Example.  Without  enrichment  for  the  des i r ed   genotype,   n i n e  

percent   of  the  plaques  screened  hybr id ized  to  the  l a b e l l e d   p r i m e r .  

One  of  the  p o s i t i v e s ,   M13mp9-AP-1,  27,  was  de termined  by  the  d ideoxy  

chain  t e rmina t ion   n u c l e o t i d e   sequencing  method  to  have  the  expec t ed  

sequence.  The  p a r t i a l   hGH  gene,  now  c o r r e c t l y   fused  to  the  AP 

promoter  and  signal  gene,  was  in t roduced  into  pHGH207,  28  (H.  de 

Boer  et  a l . ,   op  c i t ) .   This  was  accomplished  by  d i g e s t i n g   pHGH207 



with  Pstl  and  Ndel,  and  then  i s o l a t i n g   the  2750  bp  f r a g m e n t .  

Another  sample  of  pHGH207  was  d iges ted   with  NdeI  and  EcoRI  and  a 
2064  bp  fragment  i s o l a t e d .   The  M13mp9-AP-1  phage  was  d iges t ed   by 

EcoRI  and  P s t I ,   and  the  602bp  AP  hGH  p a r t i a l   gene  29  was  i s o l a t e d .  

The  2750  and  2064  bp  fragments  were  l i g a t e d   in  a  t h r e e - p a r t   l i g a t i o n  

with  fragment  29,  and  the  l i g a t i o n   mixture   then  used  to  t r a n s f o r m   E. 

coli  294  to  a m p i c i l l i n   r e s i s t a n c e .   pAP-1  was  i s o l a t e d   from  a 

r e s i s t a n t   colony  and  c h a r a c t e r i z e d   by  r e s t r i c t i o n   enzyme  mapping  and 

nuc leo t ide   sequence  a n a l y s i s .  

Example  6 

C o n s t r u c t i o n   of  a  Plasmid  (pAP-STII-hGH)  to  E x p r e s s  

and  Secre te   hGH  Under  the  Control   of  the  AP  P r o m o t e r  

ptrp-STII-hGH  (from  Example  3) was  d iges t ed   with  HpaI  and 

EcoRI  and  the  vector   fragment  31  i s o l a t e d .   A  420  bp  AP  p r o m o t e r  

fragment  32  was  i s o l a t e d   from  the  plasmid  pAP-1  a f t e r   d i g e s t i o n   w i t h  

EcoRI  and  p a r t i a l   d ige s t i on   with  RsaI.  Fragments  31  and  32  w e r e  

l iga ted   and  used  to  t r ans form E.   coli   294  to  a m p i c i l l i n   r e s i s t a n c e .  

The  plasmid  pAP-STII-hGH  was  i s o l a t e d   and  c h a r a c t e r i z e d   by 

r e s t r i c t i o n   enzyme  mapping  and  n u c l e o t i d e   sequence  a n a l y s i s .   The 

nuc leo t ide   sequence  and  t r a n s l a t e d   amino  acid  sequence  of  t h e  

AP-STII-hGH  c o n s t r u c t i o n   is  shown  in  f i g u r e   5 .  

Example  7 

Recovery  of  hGH  from  E.  c o l i  

Containing  the  Plasmid  pAP-STII-hGH. 

E.  coli   W3110  and  294  were  t r ans fo rmed   r e s p e c t i v e l y   w i t h  

pAP-STII-hGH  or  pAP-I  and  cu l tu red   as  desc r ibed   in  Example  4  e x c e p t  

that  the  medium  used  was  phosphate  d e p l e t e d .   The  amounts 

synthes ized   and  the  d i s t r i b u t i o n   of  p rocessed   and  unprocessed  hGH 

were  determined  as  described  in  Example  4.  The  r e s u l t s   a r e  



descr ibed   in  Table  1.  In  small  volumes  ptrp-STII-hGH  p roduces  

b e t t e r   r e s u l t s ,   as  can  be  seen  from  Table  1,  but  in  10  l i t e r   c u l t u r e  

volumes  the  p r e f e r r e d   embodiment  is  the  plasmid  pAP-STII-hGH  s i n c e  

AP  promoted  ce l l s   can  grow  to  higher  d e n s i t i e s   than  trp  promoted 

o r g a n i s m s .  

Example  8 

Large  Volume  Fermenta t ion   and  hGH  Recovery 

Eight  hours  p r io r   to  the  s t a r t   of  a  10  l i t e r   f e rmen ta t i on   a 
500  ml  inoculum  c u l t u r e   is  grown  up.  A  t r ans fo rmant   of  E.  c o l i  

W3110  (tonA,  phoA,  phoT)  (Example  9)  con ta in ing   pAP-STII-hGH  i s  

inocu la ted   into  a  s t e r i l e   2  l i t e r   f lask  con ta in ing   500  ml  of  LB 

medium  and  t e t r a c y c l i n e   (0.5  pg/ml) .   The  cu l tu re   is  incubated  in  a 

r o t a ry   shaker  at  37°C  for  e ight   h o u r s . . A   s t e r i l e   10  l i t e r  

f e rmen ta t i on   medium  is  p repa red ,   con ta in ing   the  f o l l o w i n g  

i n g r e d i e n t s :   26g  K2HP04,  13g  NaH2P04  2H20,  15g  KC1,  50g 

(NH4)2SO4,  10g  Na3  c i t r a t e ,   50  ml  of  50  percent   g l u c o s e ,  
1000  ml  of  10  percent   NZ-amine  YT,  100  ml  of  1M  MgS04,  5  ml  of  2 . 7  

percent   FeCl3,  5  ml  of  t r ace   meta ls ,   1  ml  of  5  mg/ml  t e t r a c y c l i n e ,  
5  ml  of  ant i foaming  agent,   and  6.5  l i t e r s   of  H20.  The  s t a r t i n g   pH 
of  the  medium  is  t i t r a t e d   to  7.5  by  adding  H2SO4,  and  the  run  i s  

begun  by  seeding  the  500  ml  inoculum  c u l t u r e   into  the  10  l i t e r  

fe rmenter .   Throughout  the  run  the  tempera ture   is  main ta ined   at  37°C 

and  the  cu l t u r e   a g i t a t e d   under  a e r a t i o n .   From  the  o u t s e t ,   the  c e l l s  

are  fed  glucose  (50  percen t )   at  a  flow  ra te   of  0.5  ml/min.  When  t h e  

00  550  is  in  the  range  10-25  the  glucose  feed  ra te   is  m a n u a l l y  

adjus ted  to  keep  the  pH  at  7.5  and  the  r e s idua l   glucose  l eve l  <   1 / 4  

percent .   When  the  0D  550  reaches   25,  the  glucose  feed  ra te   i s  

manually  adjus ted   to  drive  the  d02  level  to  30  percent   and 

t h e r e a f t e r ,   the  glucose  feed  ra te   is  p e r i o d i c a l l y   ad jus ted   t o  
maintain  the  d02,  level  at  30  pe rcen t .   T h i r t y - s i x   hours  a f t e r   t h e  
s t a r t   of  f e rmen ta t ion   the  c e l l s   are  k i l l e d   and  h a r v e s t e d .  



The  glucose  feed  and  a e r a t i o n   are  turned  off  but  t h e  
a g i t a t i o n   r a te   of  650  rpm  is  ma in ta ined .   1-butanol  is  added 

immediately  to  the  fermenter   to  y i e ld   a  f ina l   c o n c e n t r a t i o n   of  1 . 5  

percent  and  steam  is  immediately  i n j e c t e d   into  the  fe rmenter   j a c k e t  

so  that   the  t empera tu re   in  the  tank  r i s e s   r ap id ly   to  50°C.  When  t h e  

temperature   reaches   50°C,  it  is  held  at  th is   temperature   for  10 

minutes.  Then  the  fermenter   is  r a p i d l y   cooled  below  20°C  and  t h e  

c e l l u l a r   con ten t s   of  the  fermenter   are  harves ted   by  c e n t r i f u g a t i o n .  
The  cell   pas te   is  f i r s t   frozen  at  -20°C  and  then  t r a n s f e r r e d   to  a 
-30°C  f r e e z e r .  

The  ce l l   pas te ,   frozen  at  -80°C,  is  thawed  ove rn igh t   at  4°C 

and  all  subsequent   s teps  are  performed  at  4°C.  The  paste   is  mixed 

in  4  volumes  of  10mM  Tris-HCl,pH=8.0  and  suspended  in  an 
U l t r a -Tu r r ex   homogenizer  for  30  seconds.   The  suspension  is  s t i r r e d  

for  30  minutes  and  then  the  c e l l s   are  removed  by  c e n t r i f u g a t i o n   a t  

12,000  x  g  for  30  minutes .   The  p e r i p l a s m i c   p r o t e i n s   con ta in   in  t h e  

supe rna t an t   mature  hGH  at  between  0.5  and  1  g r a m / l i t e r / 1 0 0   OD550 
with  about  95  percent   of  the  t o t a l   hGH  (as  es t imated   f r o m  

immunoblots  with  p e r o x i d a s e - c o u p l e d   anti-hGH)  in  processed  form  i n  

the  pe r ip l a sm.   About  50-60  percent   of  the  t o t a l   c e l l u l a r   hGH  i s  

recovered  in  the  s u p e r n a t a n t .   The  s u p e r n a t a n t   conta ins   about  20 

percent  hGH  by  weight  of  p r o t e i n .  

Example  9 

C o n s t r u c t i o n   of  a  Host  Organism  W3110  tonA,  phoA,  phoT 

The  host  organism  for  the  f e r m e n t a t i o n   was  c o n s t r u c t e d   in  

several  s teps   using  s tandard  t echn iques   involving  t r a n s d u c t i o n s   w i t h  

phage  der ived  from  P1  (J.  Mi l le r ,   Experiments   in  M o l e c u l a r  

Gene t i c s ) .   The  phoT  and  phoA  muta t ions   were  s e q u e n t i a l l y  
cot ransduced  from  E.  coli  into  s t r a i n   W13110  tonA  with  the  aid  o f  

g e n e t i c a l l y   l inked  a n t i b i o t i c - r e s i s t a n c e   t r ansposons .   The  p r e s e n c e  
of  the  phoT  muta t ion ,   which  was  in t roduced   f i r s t ,   was  r e c o g n i z e d  



since  these  t r a n s d u c t a n t s   form  blue  co lonies   on  high  p h o s p h a t e ,  

phosphochromogen-con ta in ing   p l a t e s   ( 5 - b r o m o - 4 - c h l o r o - 3 - i n d o y l -  

phospha te ) .   The  i n t r o d u c t i o n   of  the  phoA  mutation  was  recognized  as  

t r a n s d u c t a n t s   which  form  white  colonies   on  low  p h o s p h a t e ,  

phosphochromogen  p l a t e s .   This  phoT  mutant,   or  a  phoR  mu tan t  

c o n s t r u c t e d   in  s i m i l a r   f a sh ion ,   when  t ransformed  with  pAP-STII-hGH, 

s e c r e t e s   over  90  p e r c e n t . o f   the  to ta l   hGH  into  the  pe r ip l a smic   space  

over  the  course  of  the  f e r m e n t a t i o n .   In  c o n t r a s t ,   a 

n o n - c o n s t i t u t i v e   bac ter ium  such  as  W3110  only  s e c r e t e s   about  50 

pe rcen t   of  the  hGH  into  the  per iplasm  and  to ta l   express ion   l e v e l s  

are  somewhat  lower  in  some  cases .   The  presence  or  absence  of  t h e  

phoA  mutant  makes  l i t t l e   or  no  d i f f e r e n c e   in  the  y ie ld   o f  

he t e ro logous   p r o t e i n .   However,  since  phoA  mutants  do  not  s e c r e t e  

AP,  it  is  not  necessary   to  separa te   AP  in  the  course  of  p u r i f y i n g  

p e r i p l a s m i c   hGH  from  phoA  m u t a n t s .  



1.  DNA  e n c o d i n g   a  p r o k a r y o t i c   s e c r e t i o n   s i g n a l   s e q u e n c e ,  

p r e f e r a b l y   an  E.  c o l i   s i g n a l   s e q u e n c e   o t h e r   t h a n   t h a t   o f  

b e t a - l a c t a m a s e ,   s u c h   as  an  e n t e r o t o x i n   s i g n a l   s e q u e n c e ,   o r  

an  AP  s i g n a l   s e q u e n c e ,   o p e r a b l y   l i n k e d   a t   i t s   3'  end  to   t h e  

5'  end  of  DNA  e n c o d i n g   a  m a t u r e   e u k a r y o t i c   p r o t e i n   o t h e r  

t h a n   c h i c k e n   t r i o s e   p h o s p h a t e   i s o m e r a s e ,   p r e f e r a b l y   a  

mammal i an   p r o t e i n   s u c h   as  hGH,  b o v i n e   g r o w t h   h o r m o n e   o r  

p o r c i n e   g r o w t h   h o r m o n e .  

2.  A  DNA  s e q u e n c e   e n c o d i n g   a  p r o t e i n   h a v i n g   a t   l e a s t   t h e  

amino   t e r m i n a l   s e q u e n c e   of  m a t u r e   hGH  o p e r a b l y   l i n k e d   to   a  

DNA  s e q u e n c e   e n c o d i n g   an  e n t e r o t o x i n   s i g n a l ,   p r e f e r a b l y   t h e  

STI I   s i g n a l .  

3.  The  c o m p o s i t i o n   of  c l a i m   1  or  c l a i m   2  w h e r e i n   t h e   DNA 

is   o p e r a b l y   l i g a t e d   i n t o   r e p l i c a b l e   v e c t o r   c o n t a i n i n g   in  5 '  

to   3'  o r d e r ,   a  p r o m o t e r   c o n t r o l l i n g   t r a n s c r i p t i o n   of  t h e  

DNA,  a  S h i n e - D a l g a r n o   s e q u e n c e ,   t h e   DNA,  and  a  t e r m i n a t i o n  

r e g i o n   c o m p r i s i n g   a  s t o p   c o d o n .  

4.  A  m e t h o d   f o r   t h e   p e r i p l a s m i c   s e c r e t i o n   of  a  m a t u r e  

e u k a r y o t i c   p r o t e i n   in  t h e   p e r i p l a s m i c   s p a c e   of  a  h o s t  

p r o k a r y o t e ,   c o m p r i s i n g  

(a)  c o n s t r u c t i n g   a  v e c t o r   f o r   e x p r e s s i n g   a  s e c r e t a b l e  

d i r e c t   h y b r i d ,   w h i c h   v e c t o r   c o n t a i n s   DNA  e n c o d i n g   a  

p r o k a r y o t i c   s e c r e t i o n   s i g n a l   s e q u e n c e   l i n k e d   a t   i t s  

3'  end  to   t h e   5'  end  of  DNA  e n c o d i n g   t h e   m a t u r e  

e u k a r y o t i c   p r o t e i n ;  

(b)  t r a n s f o r m i n g   a  p r o k a r y o t i c   h o s t   w i t h   t h e   v e c t o r  

of  s t e p   ( a ) ;  

(c)  c u l t u r i n g   t h e   t r a n s f o r m e d   h o s t   of  s t e p   ( b ) ;   a n d  

(d)  a l l o w i n g   m a t u r e   p r o t e i n   to   c o l l e c t   in  t h e  

p e r i p l a s m   of  t he   h o s t .  



5.  A  m e t h o d   c o m p r i s i n g  

(a)   c o n s t r u c t i n g   a  v e c t o r   c o m p r i s i n g   a  DNA  s e q u e n c e  

e n c o d i n g   a  p r o t e i n   h a v i n g   a t   l e a s t   t h e   a m i n o  

t e r m i n a l   s e q u e n c e   of  m a t u r e   hGH  o p e r a b l y   l i g a t e d  

to  a  DNA  s e q u e n c e   e n c o d i n g   an  e n t e r o t o x i n  

s i g n a l ,   p r e f e r a b l y   t he   STI I   s i g n a l ,   t h e   DNA 

b e i n g   o p e r a b l y   l i n k e d   to   t h e   STI I   S h i n e - D a l g a r n o  

s e q u e n c e ;  

(b)  t r a n s f o r m i n g   a  h o s t   c e l l   w i t h   t h e   v e c t o r ;  

(c)  c u l t u r i n g   t h e   t r a n s f o r m e d   h o s t   c e l l ;   a n d  

(d)  r e c o v e r i n g   t h e   p r o t e i n   f rom  t h e   p e r i p l a s m   of  t h e   c e l l .  

6.  A  p r o k a r y o t i c   c e l l   c u l t u r e   c o m p r i s i n g   (a)  a  m a t u r e  

e u k a r y o t i c   p r o t e i n ,   such   as  hGH,  and  (b)  a  d i r e c t   h y b r i d  

f u s i o n   p r o t e i n   of  t h e   m a t u r e   e u k a r y o t i c   p r o t e i n   w i t h   a  

p r o k a r y o t i c   s e c r e t i o n   s i g n a l   s e q u e n c e   w h e r e i n   t h e   m a t u r e  

p r o t e i n   is   l o c a t e d   in  t h e   p e r i p l a s m   of  t h e   c e l l ,   w i t h  

p r e f e r a b l y   g r e a t e r   t h a n   a b o u t   25  p e r c e n t   of  t h e   t o t a l   w e i g h t  

of  m a t u r e   and  f u s i o n   p r o t e i n   b e i n g   m a t u r e   p r o t e i n   l o c a t e d   i n  

c e l l   p e r i p l a s m .  

7.  The  c u l t u r e   of  c l a i m   6  w h e r e i n   t h e   t o t a l   w e i g h t   o f  

m a t u r e   and  f u s i o n   p r o t e i n   i s   g r e a t e r   t h a n   a b o u t   2  m g / l i t e r ,  

p r e f e r a b l y   g r e a t e r   t h a n   4  m g / l i t e r ,   of  c u l t u r e   on  a  c u l t u r e  

o p t i c a l   d e n s i t y   b a s i s   of  1  a t   550  nm  and  g r e i t e r   t h a n   a b o u t  

50  p e r c e n t ,   p r e f e r a b l y   g r e a t e r   t h a n   80  p e r c e n t ,   of  t h e  

m a t u r e   p r o t e i n   by  w e i g h t   is  p r e s e n t   in  t he   p e r i p l a s m .  

8.  A  p r o t e i n   c o m p r i s i n g   an  e n t e r o t o x i n   s i g n a l   f u s e d   a t  

i t s   c a r b o x y l   t e r m i n u s   to  t he   amino   t e r m i n u s   of  a  m a t u r e  

e u k a r y o t i c   p r o t e i n .  

9.  A  DNA  s e q u e n c e   5'GAGGTGATTTTATG3'  f l a n k e d   by  o t h e r  

t h a n   t h e   s e q u e n c e s   f o u n d   in  t h e   S T I I   g e n e ,   p r e f e r a b l y   a t  



i t s   5'  end  a  p r o m o t e r   o t h e r   t h a n   t he   STII   p r o m o t e r   and  a t  

i t s   3'  end  a  DNA  s e q u e n c e   e n c o d i n g . a   d e s i r e d   p r o t e i n ,  

p r e f e r a b l y   a  e u k a r y o t i c   p r e p r o t e i n .  

10.   A  DNA  s e q u e n c e   c o m p r i s i n g   DNA  e n c o d i n g   an  e n t e r o t o x i n  

s i g n a l   p e p t i d e   f r e e   of  DNA  e n c o d i n g   m a t u r e   e n t e r o t o x i n  

p r o t e i n   or  a  f r a g m e n t   t h e r e o f .  

11.  A  DNA  s e q u e n c e   c o m p r i s i n g   DNA  e n c o d i n g   an  e n t e r o t o x i n  

s i g n a l   p o l y p e p t i d e   f r e e   of  e n t e r o t o x i n   p r o m o t e r   DNA. 

12.   A  m e t h o d   f o r   r e c o v e r i n g   p r o t e i n   f rom  t h e   p e r i p l a s m i c  

s p a c e   of  a  b a c t e r i a l   c e l l ,   p r e f e r a b l y   E.  c o l i ,   t r a n s f o r m e d  

to   s e c r e t e   a  e u k a r y o t i c   p r o t e i n ,   p r e f e r a b l y   m a t u r e   hGB,  

c o m p r i s i n g  

(a)   f r e e z i n g   t he   c e l l ;  

(b)  t h a w i n g   t he   c e l l ;   a n d  

(c)  s e p a r a t i n g   t he   p e r i p l a s m i c   p r o t e i n s ,   i n c l u d i n g   t h e  

e u k a r y o t i c   p r o t e i n ,   f r o m   t h e   r e m a i n d e r   of  t h e   c e l l s .  

13.   The  m e t h o d   of  c l a i m   12  w h e r e i n   t h e   c e l l s   a r e   k i l l e d  

b e f o r e   s t e p   ( a ) ,   p r e f e r a b l y  

(a)   c o n t a c t i n g   t he   c e l l   w i t h   an  a l k a n o l ,   m o s t   p r e f e r a b l y  

w h e r e i n   t h e   a l k a n o l   is  m i x e d   w i t h   an  a q u e o u s  

s u s p e n s i o n   of  t h e   c e l l   u n t i l   an  a l k a n o l   c o n c e n t r a t i o n  

of  a b o u t   f rom  0 .5   to   10  p e r c e n t   by  v o l u m e   is   r e a c h e d ;  

a n d  

(b)  h e a t i n g   t he   c e l l ,   p r e f e r a b l y   f o r   a b o u t   f rom  35°C  t o  

55°C  f o r   a b o u t   f rom  0 .5   t o   20  m i n u t e s .  

14.  A  m e t h o d   of  c l a i m   12  w h e r e i n   t h e   c e l l   is   c u l t u r e d   in  a  

p h o s p h a t e - l i m i t i n g   c u l t u r e   medium  p r i o r   to  f r e e z i n g   t h e  

c e l l ,   t h e   c u l t u r e   medium  p r e f e r a b l y   c o n t a i n i n g   l e s s   t h a n  

a b o u t   lmM  of  p h o s p h a t e .  



15.  A  m e t h o d   f o r   t he   r e c o v e r y   of  p e r i p l a s m i c   p r o t e i n s ,  

p r e f e r a b l y   m a t u r e   hGH,  f rom  a  b a c t e r i a l   c e l l ,   p r e f e r a b l y  

E.  c o l i ,   c o m p r i s i n g  

(a)   k i l l i n g   t h e   c e l l ,   p r e f e r a b l y   by  e x p o s i n g   i t   to   a n  

a l k a n o l   and  h e a t i n g ;  

(b)  c o o l i n g   t h e   c e l l   to   a  t e m p e r a t u r e   l o w e r   t h a n   a b o u t  

20°C ,   p r e f e r a b l y   to   a  t e m p e r a t u r e   s u f f i c i e n t   t o  

f r e e z e   to  c e l l ;   a n d  

(c)   s e p a r a t i n g   p e r i p l a s m i c   p r o t e i n   from  t h e   r e m a i n d e r   o f  

t h e   c e l l ;  

t h e   c e l l   b e i n g   p r e f e r a b l y   n o t   s u s p e n d e d   in  a  h y p e r t o n i c  

s o l u t i o n   p r i o r   to   c o o l i n g   t h e   c e l l   in  s t e p   ( b ) .  

16.  A  m e t h o d   f o r   t h e   r e c o v e r y   of  a  e u k a r y o t i c   p r o t e i n   f r o m  

t h e   p e r i p l a s m i c   s p a c e   of  a  b a c t e r i a l   c e l l   t r a n s f o r m e d   t o  

s e c r e t e   t h e   e u k a r y o t i c   p r o t e i n ,   c o m p r i s i n g  

(a)   k i l l i n g   t h e   c e l l ;  

(b)  c a u s i n g   t h e   o u t e r   m e m b r a n e   of  t he   c e l l   to   b e c o m e  

p e r m e a b l e   to   p a s s a g e   of  t h e   p r o t e i n   ou t   of  t h e   c e l l ;  

a n d  

(c)  s e p a r a t i n g   the   p e r i p l a s m i c   p r o t e i n s ,   i n c l u d i n g   t h e  

e u k a r y o t i c   p r o t e i n ,   f r o m   t h e   r e m a i n d e r   of  t h e   c e l l s .  

17.   A  m e t h o d   f o r   r e c o v e r i n g   p r o t e i n   f rom  t h e   p e r i p l a s m i c  

s p a c e   of  a  b a c t e r i a l   c e l l   t r a n s f o r m e d   to  s e c r e t e   a  

e u k a r y o t i c   p r o t e i n ,   s a i d   c e l l   n o t   b e i n g   a  phoA  m u t a n t ,  

c o m p r i s i n g  

(a)  c u l t u r i n g   t h e   c e l l   in  a  p h o s p h a t e - l i m i t i n g   n u t r i e n t  

m e d i u m ;  

(b)  c a u s i n g   t he   o u t e r   m e m b r a n e   of  t h e   c e l l   t o   b e c o m e  

p e r m e a b l e   to  p e r m i t   p a s s a g e   of  the   p r o t e i n   o u t   of  t h e  

c e l l ;   a n d  

(c)  s e p a r a t i n g   the   p e r i p l a s m i c   p r o t e i n s ,   i n c l u d i n g   t h e  

e u k a r y o t i c   p r o t e i n ,   f r om  t he   r e m a i n d e r   of  t h e   c e l l s ;  

t h e   c e l l   p r e f e r a b l y   b e i n g   a  m u t a n t   not   r e q u i r i n q   p h o s p h a t e  



s t a r v a t i o n   to  i n d u c e   a  p r o t e i n   c o n t r o l l e d   by  a l k a l i n e  

p h o s p h a t a s e   p r o m o t e r .  

18.  A  m e t h o d   f o r   t h e   p e r i p l a s m i c   s e c r e t i o n   of  a  m a t u r e  

e u k a r y o t i c   p r o t e i n   f rom  a  t r a n s f o r m e d   h o s t - v e c t o r   s y s t e m   i n  

w h i c h   t h e   e x p r e s s i o n   of  t h e   p r o t e i n   is  u n d e r   t he   c o n t r o l   o f  

a  p r o m o t e r ,   c h a r a c t e r i s e d   in  t h a t   i t   u s e s   as  t he   h o s t - v e c t o r  

s y s t e m   a  c o n s t i t u t i v e   m u t a n t   f o r   e x p r e s s i o n   of  a  p r o t e i n  
u n d e r   t h e   c o n t r o l   of  t h e   p r o m o t e r .  

19.  The  me thod   of  c l a i m   18  w h e r e i n   t h e   p r o m o t e r   is   t h e  

a l k a l i n e   p h o s p h a t a s e   p r o m o t e r   and  t h e   h o s t  i s   a  phoT  or  p h o R  

m u t a n t .  

20.  The  me thod   of  c l a i m   18  w h e r e i n   t h e   m u t a n t   is  s e l e c t e d  

f r o m :   p r o m o t e r   m u t a n t s ,   h o s t   m u t a n t s ,   c o n s t i t u t i v e   a l k a l i n e  

p h o s p h a t a s e   m u t a n t s ,   and  t h o s e   w h i c h   d i s a b l e   t h e   a c t i v i t y   o f  

a  r e p r e s s o r   wh ich   o t h e r w i s e   r e p r e s s e s   t h e   p r o m o t e r .  
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